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Figure 1-1. HP 91200B TV Interface Kit with Options 
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1-1. INTRODUCTION 

1-2. This manual contains general information, in- 

stallation instructions, a functional description, and ser- 
vice instructions for the Hewlett-Packard 91200B TV 
Interface Kit. The kit is shown in figure 1-1 along with 
optional crystals, software, cable adapters, and cards with 
triple-hooded output connector for color or multiple gray 
level operation. The basic kit includes the TV interface 
card assembly, output connector assembly, diagnostic 
software tape, and this installation and service manual. 
Other required or accessory items are options to the HP 
91200B Kit. Refer to paragraphs 1-14 and 1-16 for listings 
of equipment supplied and options, respectively. 

1-3. The HP 91200B TV Interface Kit is compatible 

with the HP 2100A/S and HP 21MX Computers. The TV 
Interface Software is described in the HP 91200B TV 
Interface Kit Programming and Operating Manual, part 
no. 91200-90006. 



1-4. GENERAL DESCRIPTION 

1-5. A single TV interface card can be programmed to 

provide displays which combine both graphic images and 
alphanumeric characters on standard television monitors. 
Systems having two or three cards can display variable 
levels of gray on black and white (BW) monitors or color 
on color tube monitors. The monitors should be designed 
for EIA RS-170 composite video signals. The card video 
and sync outputs are designed to drive up to five monitors, 
connected in series, through 75-ohm coaxial cable. The 
furthest monitor can be up to 500 meters (1640 ft) away 
from the computer. 

1-6. The display information of up to 65,536 indi- 

vidually addressable bits is stored on the card in Random 
Access Memory (RAM). A 256 by 256 dot matrix format is 
used. All points of the display are covered in a single 
complete TV scan using the card generated sync and the 
RAM point-by-point picture information. Because of the 
RAM, no CPU time is needed to refresh the display. 

1-7. There are three modes of scan operation availa- 

ble which are selected by jumpers and the scan oscillator 
crystal. Mode I is the American Broadcast Standard of 525 
lines-per-frame at 60 fields-per-second. Mode II is the 
European Broadcast Standard of 625 lines-per-frame at 50 
fields-per-second. Mode HI is a non-standard scan of 288 
lines-per-fi-ame and 60 frames or fields-per-second. Mode I 
and Mode 11 have a 2:1 interlace and Mode III is without 
interlace. Mode I uses a 256 by 240 data matrix and Modes 
II and in use the full 256 by 256 data matrix. The Ameri- 



can and European modes can be operated without inter- 
lace if it is not necessary to be compatible with broadcast 
video systems. For interlaced scans, the second scan can be 
a duplicate of the first or it can be blanked. Scan specifica- 
tions are covered in table 1-1. 

1-8. The user can program the TV interface card with 

FORTRAN, ALGOL, Real-Time BASIC and Assembly 
language calls to generate different sized characters, vec- 
tors, and illuminated areas as well as to erase and update 
any portion of the picture without having to reenter the 
entire displayed information. The card is supported in 
memory-based RTE-B and RTE-C operating systems and 
disc-based RTE operating systems. 

1-9. The user can program for control of gray scale or 

color when multiple TV interface cards are installed in the 
system. For color, using a color monitor, a separate card is 
required for each of the red, green, and blue primary 
screen colors to be used. Three cards can provide displays 
of six saturated colors plus white and black on a color 
monitor* or ei*^ht levels of black and white from 7/8ths 
white to black on a BW monitor. Two cards can provide 
displays of three saturated colors plus black on a color 
monitor, or 1/2 and 3/4ths white and black on a BW 
monitor. 

1-10. Synchronization and video amplification is pro- 
vided on the cards. In multiple card operation for gray 
scale on a BW monitor, the raw video outputs are summed 
on a master card to provide a composite signal with sync. 
To maintain sync on all cards providing video to the mas- 
ter card, the clock signal of the master card (designated 
card A) is forwarded to slave cards (designated as cards B 
and C). A separate sync signal is provided for TV monitors 
which have difficulty synchronizing to a composite video 
signal. Industry standard synchronization in the TV inter- 
face card enables the user to mix the card generated video 
with other video signals to create split-screen effects and 
composite TV pictures. 

1-11. The display may be program written as either 
white on black background or black on a white 
background. The stored image is reversible by changing 
one bit so the user can easily select either way. This causes 
the display to flash back and forth as an attention getter 
without loss of message. The same bit will cause all colors 
to change to their complements if switched to its opposite 
state; i.e., red becomes cyan, blue becomes yellow, etc. 

1-12. Figure 1-2 is a simplified block diagram of the 
TV interface card. The memory section stores the data for 
output to the display. The section is composed of an input 
register, mode register, multiplexer, memory address 
register, RAM select storage, RAM select decoder, and the 
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random access memory (RAM). A 16-bit computer word is 
used to address any point in memory. The timing section 
produces the timing, blanking, and sync pulses for card 
and display operation. The control section contains the 
logic necessary for communication with the computer and 
also controls the memory section. The video section con- 
verts the memory output from parallel to serial form and 
provides sync and video outputs. 

1-13. The address of the displayed point is available to 
the user at the instant it is scanned to facilitate the addi- 
tion of a light pen. The lower 8-bit byte addresses the X 
(horizontal) axis of 256 locations and the upper 8-bit byte 
addresses the Y (vertical) axis of 256 locations. Address 
"0,0" is displayed on the lower left-hand comer of the 
monitor screen. 



1-14. EQUIPMENT SUPPLIED 

1-15. The basic kit contains the following: 

a. TV Interface Card Assembly, part no. 91200-60007. 

b. TV Interface Diagnostic Tape, part no. 91200-16003. 

c. Connector Assembly, part no. 02313-60010. 

d. HP 91200B TV Interface Kit Installation and Service 
Manual, part no. 91200-90001. 





Table 1-1. 


Specifications 


Operating System Compatibility 


Supported for use in RTE-B, RTE-C, RTE-II and RTE-III operating systems only. 


Electrical 




Power Consumption (max.) 


+ 5V @ 1.2A, -2V @ 0.05A, +12V (g 0.32A, -12V @ 0.05A 


Output Impedance 


75 ohms 


Video Polarity 


Programmable 


Video Levelst 




White 


volt 1 




Black 


-1 volt (approx.) 


composite video from 75Q source 


Sync 


-1.4 volts 




Ext. Sync Level 


4.0 volts negative-going pulse (nominal) 


Operating Modes 


American ! European !i Non-Standard !!! 


Lines per Frame 


525 625 288 


Lines per Field 


262.5** 312.5** 288 


Fields per Frame 


2 2 1 


Fields per Second 


60 50 60 


Interlace 


2:1** 2:1** none 


Lines of Data per Field 


240 256 256 


Horizontal Scan Rate 


15,750 Hz 15,625 Hz 17,281.25 Hz 


Point Rate 


5.040 MHz 5.000 MHz 5.530 MHz 


Crystal Oscillator Frequencyt 


10.080 MHz 10.000 MHz 11.060 MHz 


Frames per Second 


30** 25** 60 


TV Monitors 


Up to five monitors may be connected to one TV interface card. 


Maximum Cable Length 


500 meters (1640 feet) 


Environmental 




Operating Conditions 


0° to 55°C (32° to 131°F)*, same as for HP 2100A/S and HP 21MX 




Computers; up to 15°C (27°F) should be allowed for temperature rise inside 




HP system cabinets. 


Physical 




Weight 


Shipping 1.82 kg (4 lbs) 


Dimensions 


220.7 mm (8-11/16 in.) x 196.9 mm (7-3/4 in.) 


'Temperature range outside computer 




**American and European modes rr 


ay be operated without interlace if it is not necessary to be compatible 


with broadcast video systems. 
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signal when driving a 75-ohm load. 




% +0.05%, thus providing this general tolerance to all time and frequency specifications. 
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1-16. OPTIONS 



Figure 1-2. Simplified Block Diagram 

c. Option 003, Coaxial Cable Assembly for triple cards: 
• Coaxial Cable Assembly, part no. 91200-60008. 



1-17. Options are available to allow configuration flex- 
ibility. These options are described below: 

a. Option 442 Software Package: 

• RTE Driver DVA13 Binary Tape, part no. 
91200-16001. 

• DVA13 Manual, part no. 91200-90005. 

• TV Interface Library Tape, part no. 91200-16002. 

• TV Interface Verification Tape, part no. 91200- 
16004. 

• Programming and Operating Manual, part no. 
91200-90006. 

b. Option 001, Coaxial Cable Assembly for single cards: 

• Coaxial Cable Assembly, part no. 91200-60006. 

• Coaxial Connector Adapters (2), BNC to UHF, 
part no. 1250-0071. 

• Removes connector assembly 02313-60010 from 
basic kit. 



• Coaxial Connector Adapters (4), BNC to UHF, 
part no. 1250-0071. 

• Removes connector assembly 02313-60010 from 
basic kit. 

d. Option 010, Quartz Crystal for American Scan: 

• Crystal for 10.0800 MHz, part no. 0410-0592. 

e. Option Oil, Quartz Crystal for Non-Standard Scan: 

• Crystal for 11.0600 MHz, part no. 0410-0591. 

f. Option 015, Quartz Crystal for European Scan: 

• Crystal for 10.0000 MHz, part no. 0410-0035. 



1-18. IDENTIFICATION 

1-19. The TV interface card is identified by a part 
number and a revision code (see figure 2-1). The ten-digit 
part number 91200-60007 is the same for all cards. The 
revision code consists of a letter, a series code, and a 
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division code (e.g., A-1503-22). The letter code identifies 
the version of the etched trace pattern on the unloaded 
board. The series code (four middle digits) refers to the 
electrical characteristics of the loaded assembly and the 
positions of the components. The division code (last two 
digits) identifies the Hewlett-Packard division that man- 
ufactured the card. Cards having the same part number 
but different revision codes are interchangeable unless 
noted otherwise in this manual or by a manual supple- 
ment. Manual supplements are available from HP Sales 
and Service Offices (see list at the back of this manual). 



1-20. SPECIFICATIONS 



1-21. Table 1-1 lists the major electrical, environmen- 
tal, and physical specifications of the TV interface card. 

1-22. CARD REPAIR 

1-23. The TV interface card is a field replaceable item 
and should be maintained on an exchange basis. To verify 
card operation within an RTE environment, use the on- 
line RTE verification procedure given in the programming 
and operating manual; otherwise, perform the off-line 
diagnostic test given in Section IV. If a malfunction is 
confirmed by the diagnostic, the card should be replaced 
with an exchange assembly. The exchange card, part no. 
91200-69007, is available at a reduced rate. The nearest 
Hewlett-Packard Sales and Service Office can provide all 
procurement details. 
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2-1. INTRODUCTION 

2-2. This section provides installation instructions 

which includes recommended procedures on preparing the 
TV interface card for operation with the computer in the 
user's system. Card installation instructions include un- 
packing and initial inspection, cable preparation, and card 
installation. Single cards, multiple cards for gray scale 
and for color are covered. 



2-3. UNPACKING AND INITIAL INSPEC- 
TION 

2-4. Any shipping container that appears damaged 

should be unpacked with the carrier's agent present. Care- 
fully inspect the TV interface card for damage, scratches, 
cracks, etc. Check that all equipment specified in the 
purchase order has been delivered; refer to Section I for 
the list of components supplied with the kit. If any equip- 

moTif iq miaqinof rlomaproH nr fnilq f.n mppf. anSPlflcatlQnS- 

immediately notify the carrier and the nearest Hewlett- 
Packard Sales and Service Office listed at the back of this 
manual. Retain the shipping containers and packing 
material for the carrier's inspection and for future use. 



tion, a slight "underscan" of the monitor screen is desira- 
ble so that the entire display is visible. 



2-8. 



CABLES 



2-9. The user shall furnish 75-ohm coaxial chaining 

cables (e.g., RG-59/U or RG-59B/U) for the connection of 
extra monitors or for additional cable lengths. The last 
monitor should have no more than 500 meters (1640 feet) 
of cable between it and the TV interface card. A coaxial 
cable pair, 7.5 meters (25 feet) long is furnished with 
option 001. Option 003 includes three video cables and one 
sync cable, all 7.5 meters (25 feet) long. The cables are 
connected into a triple-hooded edge connector for three TV 
interface cards. Lengths of cable may be joined by using 
straight female-to-female couplers. BNC to UHF (PL-259) 
plug adapters are furnished for each cable (with options 
001 and 003) to mate with monitors having UHF (SO-239) 
type chassis receptacles. If the composite video/sync signal 
is used, the separate sync cable will not be necessary. It 
may be rolled up and stored at the rear of the equipment in 
case it may be needed at some time in the future. 

2-10. INSTALLATION 



2-5. USER PREREQUISITES 

2-6. TV MONITOR REQUIREMENTS 

2-7. The customer must provide a suitable TV 

monitor designed for EIA RS-170 composite video signals. 
The monitor input should match a 75-ohm source impe- 
dance. Refer to table 1-1 for operating mode specifications. 
For Mode III, the monitor must be capable of synchroniz- 
ing to a horizontal rate of 17,280 Hz and a vertical rate of 
60 Hz. For Mode II the monitor must sync at a horizontal 
rate of 15,625 Hz and a vertical rate of 50 Hz. For Mode I, 
the American broadcast standard, the horizontal sync rate 
is 15,750 Hz and the vertical rate is 60 Hz. The TV sets or 
studio monitors operated from the TV interface card may 
be equipped with a composite video input or separate pic- 
ture and sync inputs. The sets or monitors should sync 
properly if designed for the sync rates of the card operat- 
ing mode. For best dot definition, it is desirable that the 
monitor have a video bandwidth of 8 MHz or more. Addi- 
tional desirable features are good Unearity, dc restoration, 
dc sync pick-off or external sync input, non-glare screen, 
and wide-range high- voltage regulation. If more than one 
monitor is to be used with one card, it is necessary that the 
monitor have chaining connectors, and be able to switch 
from a 75-ohm termination to a high impedance. In opera- 



2-11. BLACK-AND-WHITE OPERATION 



2-12. The following procedure describes how to install 
a single TV interface card for black-and-white (BW) oper- 
ation. The procedure is as follows: 

a. Determine if the computer power supply will provide 
the additional current required for operation of the 
TV interface card. The power required is given in 
table 1-1, specifications. If the addition of the card will 
overload the computer power supply, an appropriate 
computer I/O extender must be used. (HP 2100AyS 
and HP 21MX Computers work with HP 2155A and 
HP 12979A I/O Extenders, respectively.) 



Note: If the TV interface card is to be used in a 
system under DMA (or DCPC) control, 
the card must be installed in a computer 
mainframe having DMA (or DCPC). The 
card could also be operated in an I/O 
extender having DMA (or DCPC) as long 
as the computer also has the DMA (or 
DCPC) capability. An RTF environment 
requires DMA (or DCPC). 
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Determine mode of operation. Refer to table 2-1 which 
describes the functions of the jumpers on the TV inter- 
face card for the three scanning modes. Jumper loca- 
tion is shown in figure 2-1. 

Install crystal after making sure it is the right one for 
scanning mode selected (see table 2-1). 

Set jumpers for single or multiple card operation. 
Refer to table 2-2 for jumper positions. Refer to figure 
2-1 for location of jumpers. Place unused jumpers in 
the jumper storage socket on the card for future use. 

When fabricating cable assemblies, use the hooded 
connector, part no. 02313-60010, supplied with each 
HP 91200B Kit unless this item was deleted by the 
use of one of the cable assembly options (001 and 003). 
Construction details are shown in figure 2-2. 

If two or more monitors are to be connected to the TV 
interface card, fabricate cables to link them together 
from the first monitor. Use RG-59/U or RG-59B/U 
75-ohm coaxial cable and appropriate connectors to 
mate with the monitor connectors. 



CAUTION 



Always make sure that the computer 
power is in either standby for HP 21MX 
or off for HP 2100A/S Computers when 
installing or removing the interface card 
or interconnecting cable. Failure to ob- 
serve this caution may damage the card. 



Insert card in the computer card cage in the following 
manner: 

(1) Turn computer power to standby (HP 21MX) or 
off (HP 2100 A/S) and gain access to I'O card cage. 

(2) Hold card vertically with components on the left 
for the HP 2 100 A/S Computers. Hold card hori- 
zontally with components up for the HP 21MX 
Computer and the HP 12979A I/O Extender. 
Plastic card extractors should face away from the 
computer. 

(3) Carefully slide card into its assigned slot. 

(4) Seat card fully in its mating backplane receptacle 
by pressing firmly inward on its card extractors. 

To install the 7.5 meter (25 ft) cable and hood assem- 
bly on the card(s) in the computer or I/O extender, 
proceed as follows: 

(1) For the HP 2100A/S Computer, orient the hood so 
that the cable exits towards the rear of the 
cabinet. For the HP 21 MX Computer and rear of 
the HP 12979A I/O Extender, orient the hood so 



the cable exits toward the right side when facing 
the rear of the cabinet. For the HP 12979A I/O 
Extender front access, orient the hood so the cable 
exits the hood towards the right. The cable should 
run up the right cabinet wall and cross over to the 
left side then out the rear cable port. 

(2) Carefully slide cable hood connector onto the 
48-pin edge connector of the card and press into 
place. 

(3) Connect VIDEO connector to the TV monitor. 
Note that some monitors may also require con- 
nection of the SYNC output (see paragraph 4-23). 

Note: It is the user's responsibility to provide 
an appropriate TV monitor in good 
operating condition. The diagnostic and 
verification tests require that the TV 
monitor be connected to the card. 

2-13. After installation, a performance check can be 
made in one of two ways. For off-line checking, use the 
diagnostic test procedure described in Section IV. For RTE 
on-line checking (except' for RTE-B operating systems), 
use the verification program described in the HP 91200B 
TV Interface Kit Programming and Operating Manual, 
part no. 91200-90006. The verification and diagnostic pro- 
grams provide a convenient means of checking the TV 
monitor's adjustments. The RTE software operating sys- 
tem must be generated for the verification test to function. 



2-14. COLOR MONITOR OPERATION 

2-15. Color monitors require a separate TV interface 
card for each color input of a color CRT. For this applica- 
tion, three cards are used with one option 003 triple- 
hooded connector. Two color inputs require two cards and 
two part no. 02313-60010 hooded connectors (supplied 
with the basic kit) with connectors and cables fabricated 
according to figures 2-2 and 2-4. The cards should sit 
side-by-side in either the computer I/O card cage or I/O 
extender. The master card (designated as card A) must be 
placed in the highest numbered slot of the group and will 
be addressed by the select code (or LU number in RTE 
systems) assigned to the TV interface subsystem. The 
master card is followed in descending order by slave card 
B and slave card C. Perform the following procedures to 
install a set of cards for color operation: 

a. Review the black-and-white operation installation 
procedure given in paragraph 2-11. Observe the 
power supply and current requirements of the cards 
and other considerations such as I/O with DMA (or 
DCPC) and all cautions and notes. 

b. The wiring of three-card cables and the triple PC card 
connector for color is shown in figure 2-4, using option 
003. Two card setups, using single hoods, should be 
wired according to figure 2-4 with card C deleted and 
the hoods assembled as shown in figure 2-2. 
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Table 2-1. Scanning-Mode Jumper Positions 





AMERICAN STANDARD (MODE 1) 


JUMPER 

W2-A 

W3-A 

W3-B 

W4-X 

W5-A 

W6-IN 

W6-0UT 

W7-0UT 

W8-IN 

W9-IN 

W9-0UT 

W10-OUT 

W11-IN 

W11-0UT 

W12-IN 


DISPLAY OR USE 

American Standard. 

Single or master card clock enable. 

Slave card (B and C) clock disable, external clock connect. 

American Standard - not used (don't care). 

American Standard. 

Horizontal display points defined. 

Horizontal lines, points undefined. 

American Standard. 

American Standard. 

Interlace enabled (2 fields, 525 lines). 

Interlace disabled (1 field, 524 lines). 

American Standard. 

Second field blanked (262.5 lines with W9-IN, 262 lines withi W9-0UT). 

Both fields. 

American Standard. 




EUROPEAN STANDARD (MODE II) 


JUMPER 

W2-B 

W3-A 

W3-B 

W4-A 

W5-B 

W6-IN 

W6-0UT 

W7-IN 

W8-IN 

W9-IN 

W9-0UT 

W10-IN 

W11-IN 

W11-0UT 

W12-0UT 


DISPLAY OR USE 

Sync. 

Single or master card clock enable. 

Slave card (B and C) clock disable, external clock connect. 

Timing. 

Timing. 

Horizontal display, points defined. 

Horizontal display, points undefined. 

Timing. 

Timing. 

Interlaced (2 fields, 625 lines). 

Interlace disabled (1 field, 624 lines). 

Sync 

2nd field blanked (312.5 lines with W9-IN, "don't care" with W9-0UT). 

Both fields with W9-IN, "don't care" with W9-0UT. 

Sync. 




NON-STANDARD (MODE III) 


JUMPER 

W2-B 

W3-A 

W3-B 

W4-B 

W5-B 

W6-IN 

W6-0UT 

W7-IN 

W8-0UT 

W9-0UT 

W10-IN 

W11-IN 

W11-0UT 

W12-0UT 


DISPLAY OR USE 

Sync. 

Single or master card clock enable. 

Slave card (B and C) clock disable, external clock connect. 

Timing. 

Timing. 

Horizontal display, points defined. 

Horizontal display, points undefined. 

Timing. 

Timing. 

1 field of 288 lines. 

Sync. 

Don't care. 

Don't care. 

Sync. 


CRYSTALS 

Mode 1 American Standard, 10.080 MHz, part no. 0410-0592. 
Mode II European Standard. 10.000 MHz, part no. 0410-0035. 
Mode III Non-standard. 11.060 MHz, part no. 0410-0591. 
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W1 



R5 R6 R7 



Y1 
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VIDEO 
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Figure 2-1. TV Interface Card 
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c. Place a small strip of tape on each card and label them 
A, B, and C for master, slave 1, and slave 2, respec- 
tively. 

d. Set jumpers on cards according to table 2-1 for scan- 
ning requirements and table 2-2 for multiple card 
operation. 

Table 2-2. Single or Multiple-Card 
Jumper Positions 



JUMPER 


DESCRIPTION OF USE 


W1-A 


Black-and-white or color 




(solder-in type). 


W1-B 


Multi-level gray. 


W13-A 


Single or master card (card A). 


W13-B 


Slave card (cards B and C). 


W14-IN 


Single or nnaster card (card A). 


W14-0UT 


Slave card (cards B and C). 


W15-iN 


Single or master card (card A). 


W15-0UT 


Slave card (cards B and C). 


W16-A 


Single or master card (card A). 


W16-B 


Slave card (cards B and C). 


W17-IN 


Single or master card (card A). 


W17-0UT 


Slave card (cards B and C), 


W18-A 


Single or master card (card A). 


W18-B 


Slave card B (first slave). 


W18-C 


Slave card C (second slave). 


W19-IN 


Single or master card (card A). 


W19-0UT 


Slave card (cards B and C). 


W20 


For factory use only (solder-in type). 



e. Connectors for option 003 are prewired. The supplied 
cables are 7.5 meters (25 ft) in length. Fabricate ex- 
tension cables if necessary. 

f. Check out any fabrication work and then install cards 
in appropriate slots of computer or I/O extender card 
cage. Use procedure given in paragraph 2-12, step g. 

g. Install TV interface cable 48-pin connectors on appro- 
priate cards. Roll up and tie back or remove cables 
which are not used. Cabling is shown in figure 2-3. 

h. Connect the RED video connector from card A to the 
TV monitor RED video input, connector. Similarly, 
connect the BLUE and GREEN connectors. Use 
coaxial adapter, part no. 1250-0071, if necessary. 

i. If the TV monitor requires external synchronization, 
connect the SYNC connector from card A to the TV 
monitor EXT SYNC connector. 

j. The only adjustment necessary for color operation is 
to ensure that the blanking level on all composite 
video outputs is the same. 

k. Using a multiple input oscilloscope display, display 
the pedestal of the three composite video signals. 
Connect the oscilloscope inputs to the composite video 
output (TPl) of each card (see figure 2-1). 



1. On card A (master card) adjust the blanking level to 
— 1.0 volt with the pedestal control R5. Adjust the 
blanking levels of cards B and C to match the level set 
on card A, also with pedestal. 

m. Refer to the programming and operating manual for 
instructions on checkout in an RTE system (except 
RTE-B) for color operation using a color bar pattern. 
For off-line checkout and other operating systems ,use 
the color bar pattern of the diagnostic program de- 
scribed in Section IV. 

2-16. MULTI-LEVEL GRAY OPERATION 

2-17. Two or three cards must be used in multi-level 
gray operation. Four or eight levels of gray can be pro- 
duced by two or three cards, respectively. The cards must 
sit side by side in either the computer I/O card cage or I/O 
extender. The master card (designated as card A) must be 
placed in the highest numbered slot of the group and will 
be addressed by the select code (or LU number in RTE 
systems) assigned to the TV interface subsystem. The 
master card is followed in descending order by slave card 
B and slave card C. The card and cabling setup is shown in 
figure 2-3. Perform the following procedure to install mul- 
tiple gray level cards: 

a. Review the black and white operation installation 
procedure given in paragraph 2-11. Observe the 
power supply and current requirements of the cards 
and other considerations such as I/O with DMA (or 
DCPC) and all cautions and notes. 

b. The wiring of three-card cables and the triple PC card 
connector for gray scale is shown in figure 2-4, using 
option 003. Two-card setups, using single hoods, 
should be wired according to figure 2-4 with card C 
deleted and the hoods assembled as shown in figure 
2-2. 

c. Place a small piece of tape on each card and label 
them A (master), B (slave 1), and C (slave 2). 

d. Set jumpers on cards according to table 2-1 for scan- 
ning requirements and table 2-2 for multiple card 
operation. 

e. Connectors for option 003 are prewired. The supplied 
cables are 7.5 meters (25 ft) in length. Fabricate ex- 
tension cables if necessary. 

f. Check out any fabrication work and then install cards 
in appropriate slots of computer card cage. Use proce- 
dure given in paragraph 2-12, step g. 

g. Install TV interface cable 48-pin connectors on appro- 
priate cards. Roll up and tie back unused cables, or 
remove cables if their future use is unlikely. Cabling 
is shown in figure 2-3. 

h. Connect the composite VIDEO connector from card A 
to the TV monitor VIDEO IN connector. Use coaxial 
adapter, part no. 1250-0071, if necessary. 
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PIN A, 1 




C]= 



2^ C 



COAXIAL 

CABLE 

RG-59/U OR RG-59B/U 




«a:^ 



3 9 

PARTS INCLUDED WITH COMNECTOR 02313-60010. 



ITEM 


DESCRIPTION 


PART NO. 


1 


CONNECTOR HOOD 


5040-6071 


2 


SELF-TAPPING SCREW 


0624-0098 


3 


MOUNTING BLOCK 


5040-6072 


4 


SELF-TAPPING SCREW 


0624-0098 


5 


PAN-HEAD SCREW 
(4.40 X .562") 


2200-0091 


6 


HEX NUT 
(4.40 X .187") 


2260-0002 


7 


CONN ECTOR, 48 PIN 


1251-2518 


8 


CABLE CLAMP 


5040-6004 


9 


SET SCREW 


3030-0143 




^mr^ 



BNC 
CONNECTOR 



— VIDEO 

(CABLE MARKERI 

BNC CONNECTOR 



SYNC 

(CABLE MARKER) 



TEFLON 
INSULATION - 



POLYCARBONATE 
INSULATION 



Y 



1/2" 




13^:^ 



TWIST SHIELD 
TIGHTLY AND TIN 



SYNC 
CONDUCTOR - 
SHIELD, 



VIDEO 

CONDUCTOR 

SHIELD 



Figure 2-2. Cable Fabrication 
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GRAY SCALE (8 LEVELS) WITH BLACK-AND-WHITE MONITOR 

VIDEO OUT 



21 MX OR 

2100A/S 

CPU 



CARD A* 



91200B 
(GRAY = 1/2) 



VIDEO IN 



2 (LINK) 



.r- 



SYNC OUT 



10 



12 (ADDR) 



23 



CARD B 



91 2008 
(GRAY = 1/4) 



S,J 



AA 



CARDC 



912008 
(GRAY= 1/8) 



8,J 



AA 



SYNC IN 



(OPTIONAL) 



■^ 




RAW VIDEO 
INPUTS 



VIDEO OUT & SYNC OUT 
NOT USED ON SLAVES 



BLACK 

AND 

WHITE 

MONITOR 



CUSTOMER 
FURNISHED 



L 



._J 



CLOCK 
(MCLK) 



•INSTALL IN HIGHEST NUMBERED I/O SLOT OF 91200B GROUP. 



COLOR WITH AN "RGB" TYPE MONITOR 



21 MX OR 

2100A/S 

CPU 








CARD A* 


2(L!NK) 






VIDEO OUT 


r" 

RED INPUT 1 




91200B 
(RED) 






SYNC OUT 


— ' *-' 


RGB TV 
MONITOR 




12(ADDR) 




SYNC INPUT 1 
(OPTIONAL) 1 

CLOCK 1 
(MCLK) 1 

VIDEO OUT GREEN INPUT [ 




23 








B 










CARDB 












CUSTOMER 
FURNISHED 


912Q0B 
(GREEN) 


N 






X^VIDEO OUT & SYNC OUT 1 
/^ NOT USED ON SLAVES 1 


(CFE) 


AA 


> 




B 








CARDC 




AA 






/ 1 




91200B 
(BLUE) 


/ ! 




N 






VIDEO OUT 


BLUE INPUT 1 










'L_ 





J 



•INSTALL IN HIGHEST NUMBERED I/O SLOT OF 91200B GROUP. 



Figure 2-3. Multi-Level Gray and Color Installation Diagram 
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OPTION 003 



TRIPLE 
HOOD 





PINS A&1 THIS END 



7202-2A 



TRIPLE HOOD ASSEMBLY 



cm] 



SYNC 

RED OR MULTIPLE 
1 GRAY VIDEO 






•VIDEO MADE INOPERATIVE FOR COLOR BY JUMPER W1 ON 
CARD A. 



NOTE: HOOD& CONNECTOR ASSEMBLED SIMI LAR TO SINGLE 

HOOD & CONNECTOR OF EXPLODED VIEW SHOWN IN FIG. 2-2. 



7202-2B 




FOR 

MULTIPLE 

GRAY 



BNC CONNECTOR - MALE 

IDENTIFICATION 

"TV INTERFACE 91200-60008" 



A 1 




A 1 


LINK 


A 


1 


bJ 2 




bJ 2 




B 


^ 2 


C 3 




C 3 




C 3 


DMH^ 4 


- CENTER COND. 
- BLU 


DIHBIH 4 


-CENTER COND. 
-GRN 


O Mi^ 4 


E ■■■ 5 


-SHIELD -BLU 


E 1^1^ 5 


-SHIELD -GRN 


E ■■■■ 5 


F 6 




F 6 




F HHBi 6 


H 7 
J HH 8 




H 7 


VIDEO' 


H a^ 


■ 7 


J Bi^B 8 




J 


8 


K 9 




K 9 


VIDEO' 


K 

L 


9 
-10 


L 10 




L 10 


L 


M 11 




M 11 


addr 


M 


11 


N J 12 




N J 12 




N 


Ll2 


P 13 




P 13 




P 13 


R 14 




R 14 




R 14 


S 15 




S 15 




S 15 


T 16 




T 16 




T 16 


U 17 




U 17 




U 17 


V IS 




V 18 




V 18 


W 19 




W 19 




W 19 


X 20 




X 20 




X 20 


Y 21 




Y 21 




Y 21 


Z 22 




Z 22 


Cl.OCKIMCLKI 


Z 


22 


AA J 23 




AaJ 23 




aa 


L23 


BB 24 




BB 24 




BB 24 



CENTER CONDUCTOR - RED 
SHIELD -RED 



CENTER CONDUCTOR ■ 
SHIELD -SYNC 



SYNC 



OPTION 003 HOODED CONNECTOR PARTS 



QTY, 


DESCRIPTION 


PART NO. 


1 


CONN. HOOD, MODIFIED 


5020-7342 


1 


CONN. HOOD.R.H. 


5020-7331 


1 


CONN. HOOD, L.H. 


5020-7332 


3 


CONNECTOR, 48 PIN 


1251-2518 


1 


HEX NUT (4-40) 


2260-0002 


1 


PAN-HEAD SCREW 


2200-0127 




(4-40x1.751 




3 


SET SCREW 


30300143 


6 


SELF-TAPPING SCREW 


0624-0098 


1 


TRIPLE CONN. BRACE 


91200-00001 


3 


CLAMP-LARGE 


5040-6003 


3 


MOUNTING BLOCK 


5040-6072 



Figure 2-4. Triple-Hood Assembly for Color or Multi-Level Gray 
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i. If the TV monitor requires external synchronization, 
connect the SYNC connector from card A to the TV 
monitor EXT SYNC connector. 

j. Connect an oscilloscope to card A (master) composite 
video output test point (see figure 2-1). Run verifica- 
tion or diagnostic program and display the color bar 
pattern. Adjust oscilloscope to display a staircase 
waveform between two sync pulses. The staircase 
waveform is shown in figure 2-5. 

Note: There is an interaction between the 
three card A adjustment controls. Repos- 
itioning of one or more of these controls 
may be necesseiry. 



k. Use offset control R6 to position the top of the stair- 
case at volt. Set the blanking level at - 1.0 volt 
using pedestal control R5. Use contrast control R7 to 
equalize each step in the staircase waveform. Refer to 
figure 2-1 for control location. An eight-level staircase 
waveform is shown in figure 2-5. With two cards, only 
steps 0,2,4, and 6 are present such that the white level 
is actually a 3/4 white. 

1. Refer to the programming and operating manual for 
instructions on checkout in a RTE system (except for 
RTE-B operating systems). For off-line checkout, the 
vertical bar pattern used in the diagnostic program 
described in Section IV may be used. 

2-18. REMOTE TV MONITORS 



2-20. When operating in color applications, the con- 
nection of additional monitors is similar to figure 2-6. 
Each video cable is treated the same as the single video 
cable shown. 



2-21. RESHIPMENT 

2-22. If an item of the kit is to be shipped to Hewlett- 
Packard for service or repair, attach a tag to the item 
identifying the owner and indicating the service or repair 
to be accomplished. Include the model number of the inter- 
face card. 

Note: Do not ship crystals with the TV inter- 
face card. 



2-23. Package the item in the original factory pack- 
aging material, if available. If the original material is not 
available, standard factory packaging material can be ob- 
tained from a local Hewlett-Packard Sales and Service 
Office. 

2-24. If standard factory packaging material is un- 
available, wrap the item in Air Cap TH-240 cushioning (or 
equivalent) manufactured by Sealed Air Corp. Hawth- 
orne, N.J, and place in a corrugat-ed carton (200 pounds 
test material). Seal the shipping carton securely and mark 
it "FRAGILE" to ensure careful shipping. 



2-19. One to five TV monitors, with parallel high im- 
pedance connectors, may be connected to one TV interface 
card. Refer to figure 2-6 for an example connection of TV 
monitors using the daisy chaining technique. The total 
permissible cable length is 500 meters (1640 ft). Refer to 
paragraphs 2-6 and ,2-8 for monitor and cable require- 
ments. 



Note: In any correspondence, identify the TV 
interface card by part nimiber. Refer any 
questions to the nearest Hewlett- 
Packard Sales and Service Office. 
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Figure 2-5. Multi-Level Gray Adjustment Waveform 
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TV 
MONITOR 

VIDEO 



TV 
MONITOR 



VIDEO 



, TV 
MONITOR 



VIDEO 



500 METERS MAX 
(1640 FEET) 




TV 
MONITOR 




75-OHM 
TERMINATED 



TV 
MONITOR 



VIDEO 



1. IF TV MONITOR REQUIRES EXT SYNC CONNECT SYNC CABLE 
IN A SIMILAR MANNER AS SHOWN FOR VIDEO CABLE. 

USE COAXIAL CABLE RG-59/U OR RG-59B/U BETWEEN MONITORS. 



Figure 2-6. Multiple Monitor Connection Diagram 
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SECTION 



3-1. INTRODUCTION 

3-2. This section provides block diagram functional 

descriptions of the TV interface card. 



3-3. GENERAL 

3-4. Mnemonics are used to abbreviate signal names; 

e.g., NSTB (strobe) and NCLK (clock). The polarity con- 
vention used is that when a mnemonic beginning with the 
letter N is active, the logic level is low. Mnemonics for the 
same signals after logic inversion have the letter N re- 
moved. Thus, a strobe makes NSTB low and STB high. 
Similarly, a clock makes NCLK low and CLK high. 



3-5. MODES OF OPERATION 

3-6. The TV interface card is capable of three modes 

of operation to satisfy requirements for three different 
scanning rates. Operating modes are controlled by jumper 
placement and the selection of a crystal as specified in 
table 2-1. Mode I is the American Broadcast S.tandard, 
Mode II is the European Broadcast Standard, and Mode III 
is a non-standard scan to achieve full 256 vertical resolu- 
tion with a 60 Hertz vertical scan rate. Table 3-1 lists the 
card and signal specifications for each mode. Figures 3-1 
through 3-4 show idealized waveforms and relationships 
for each mode of operation. 



3-7. VIDEO SIGNALS 



3-10. The vertical retrace interval is constructed 
through the use of groups of equalizing, horizontal, and 
vertical s3tic pulses. The duration of the vertical retrace 
interval is dependent on operating mode (I, II, or HI). For 
example, in figure 3-2 showing the American Standard, 
the retrace interval from the end of the first field is 1.397 
msec (22 horizontal line scans). In order to interlace the 
fields, the vertical retrace interval is extended an extra 
horizontal line scan, or 23h, after the second field. When 
used without interlace, all fields are the same as the first 
field with 22 horizontal line scans during vertical blank- 
ing (262 lines per field, 60 fields per second). 

3-11. The TV interface card provides the option of 
blanking the second field through the use of jumper Wll. 
Normally, both fields contain identical information with 
jumper Wll out. If the second field is blanked, it may be 
necessary to use a monitor with a long persistence phos- 
phor screen CRT. The long persistence phosphor screen 
CRT's are generally green instead of white. 



3-12. COMPUTER I/O SIGNALS 

3-13. Since the TV interface kit is designed to be com- 
patible with HP 2100 A/S and HP 21MX Computers, refer- 
ence should be made to the appropriate computer manual 
for a comprehensive discussion of I/O signals. A brief de- 
scription of the computer I/O signals and their interaction 
with the TV interface card is given in Table 3-2. The 
86-pin edge connector serves as the interface point be- 
tween card and computer. Refer to figure 3-5, the func- 
tional diagram for the TV interface card, which identifies 
input and output signals and their pin numbers. 



3-8. There are 256 points of data and 64 clock counts 

for horizontal blanking on each video signal horizontal 
line. A clock count is defined as a clock pulse interval, 
shown as (T) in figure 3-1. Thus, each horizontal line has 
the equivalent of 320 clock counts, 256 for data and 64 for 
blanking. Figure 3-1 illustrates the typical video signal 
horizontal line for the TV interface card. Each data point 
in the video signal is clocked and displayed as a discrete 
dot if jumper W6 on the card is IN. Each data point will be 
unclocked, blending in with adjacent points to be dis- 
played as a line, if jumper W6 is OUT. The video polarity 
can be programmed through the computer so that the data 
points can be written black-on-white or white-on-black. 

3-9. Figures 3-2, 3-3, and 3-4 show the retrace portion 

of the video field for the three scan modes. The timing 
information for the included equalizing pulses, sync 
pulses, and intervals is given in table 3-1. 



3-14. EXTERNAL I/O SIGNALS 

3-15. The primary output from the TV interface card is 
the composite VIDEO signal for driving TV monitors. A 
SYNC signal is also available for TV monitors which re- 
quire external synchronization. For color or gray-scale 
operation using multiple TV interface cards, the following 
signals are connected between the cards: MCLK, RVID, 
BIN, CIN, LINK, and ADDR. These signal connections are 
described under installation procedures in Section II. 
There is a CLK and RAO through RA15 signals for user 
implementation of a light pen. The 48-pin edge connector 
serves as the interface point between the card and exter- 
nal devices (TV monitors and other interface cards). Refer 
to table 3-3 for a brief description of the external I/O 
signals and to figure 3-5 for the edge-connector pin loca- 
tion of these signals. 
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Table 3-1. Operating Mode Specifications 






MODE 1 


MODE II 


MODE III 


UNITS 


Lines per Frame 


525 


625 


288 





Lines per Field 


262.5 


312.5 


288 


— 


Fields per Frame 


2 


2 


1 


— 


Fields per Second 


60 


50 


60 


— 


Frames per Second 


30 


25 


60 


— 


Interlace 


2:1 


2:1 


None 


— 


Lines of data per Field 


240 


256 


256 


— 


Horizontal Scan Rate 


15750 


15625 


17281.25 


Hz 


f* 


1.587 


1.600 


1.447 


pisec 


s* 


4.762 


4.800 


4.340 


/Asec 


b* 


6.349 


6.400 


5.787 


;u.sec 


h* 


63.492 


64.000 


57.866 


^isec 


e* 


2.381 


2.400 


2.170 


/xsec 


V* 


26.984 


27.200 


24.593 


At sec 


T* 


198.413 


200.000 


1 80.832 


nsec 


Point Rate 


5.040 


5.000 


5.530 


MHz 


Crystal Osc. Freq. 


10.080 


10.000 


11.060 


MHz 


*Refer to figures 3-1 througl- 


1 3-4. 
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Figure 3-1. Video Signal, Horizontal Line Waveform 
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Figure 3-2. Video Signal, Vertical Retrace Waveform (Mode I) 
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Figure 3-3. Video Signal, Vertical Retrace Waveform (Mode II) 



-u ii—J 



Non-Standard Scan 



End of 
Both 
Fields 
(1 Field 
per Frame) 



—U U U U U IT" 






3h 



2Hh 



-U II II u u- 



^2 i 



5 equalizing pulses 5 vertical sync pulses 5 equalizing pulses 



32h 



Figure 3-4. Video Signal, Vertical Retrace Waveform (Mode III) 



-^! — lt" 



3-4 



91200B 




* OUT FOR ^ 
* * B FOB SLAVi 



Principles of Operation 




» CARD SIN (BIN) 
^ CARD C IN (CIN) 



4 D si COMPOSi 
— ~- f VIDEO 



4 SYNC 



FRONT 
48 PIN 
CONNECTOR 



Figure 3-5. TV Interface Card, Functional Diagram 

3-5/3-6 



91200B 



Principles of Operation 



Table 3-2. Computer I/O Interface Signals 



MNEMONIC 



PIN 



SIGNAL 



DESCRIPTION 



STC 



CLC 



CRS 



22 



21 



13 



ENF{T2) 



lAK 



T3(B) 
SRQ 



IRQL 
FLGL 

PRH 



PRL 



LSCM 
LSCL 
lOG(B) 



lOBOO 

thru 

I0B015 



46 



10 



11 



19 



6 

4 

23 



14 
16 

15 



35,38,41,45, 
42,51,53,52, 
54,56,58,55, 
57,61,65,74 



Set control 



Clear control 



Control reset 



Enable flag 

Interrupt acknowledge 



Computer time T3 (buffered) 

Service request 

Lower select code 

Interrupt request and flag signals 

Priority higfi 



Priority low 



Lower select code most significant digit 
Lower select code least significant digit 
I/O group instruction 

16-bit data word 



Enables interrupt capability. Also initi- 
ates write or erase depending on the 
mode. 

Clears interrupt control upon execution 
of the CLC instruction. Sets mode con- 
trol so that the next OTA will be 
interpreted as MODE information. 

Generated by EXTERNAL PRESET 
button on computer front panel or 
CLC instruction or power on. Same 
effect as CLC signal. Also, resets all 
counters In the tinning module. 

Positive pulse at computer time T2. 
Sets flag if flag buffer is set. 

After detecting an interrupt, the com- 
puter responds with lAK which sets 
the interlock, causing the interrupt re- 
quest to be cleared, preventing another 
interrupt from the same flag signal. 

Subcycle 3 of computer timing. Used 

Llwf OCL llCi^^ k.fU)IOI IWI IVIV./I-'I— l^UipULO. 

Output of flag used to initiate DMA (or 
DCPC) cycles. 

IRQL and FLGL are signals used to 
initiate an interrupt. 

When high, indicates that no device of 
higher priority is requesting an inter- 
rupt. If low it prevents this card from 
interrupting. The interrupt is saved 
until PRH goes high. 

When low, prevents any interface card 
of lower priority from interrupting com- 
puter program. Will be low whenever 
processing an interrupt on this card or 
higher priority card. 

The LSCM, LSCL, and lOG(B) signal 
combination determines the computer 
I/O slot to which the instruction portion 
of the computer I/O command word is 
directed. When the TV interface card is 
selected, all three signals will be high. 
Generates ADDR signal on card. 

16-bit parallel binary data word being 
output from computer to TV interface 
card. 
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Table 3-2. Computer I/O Interface Signals (Continued) 



MNEMONIC 


PIN 


SIGNAL 


DESCRIPTION 


SIR(T5) 


32 


Set interrupt request 


Positive pulse that occurs at computer 
time T5. If otfier prerequisites are met, 
sets interrupt request if flag is set or 
clears interrupt request following an 
lAK. 


STF 


9 


Set flag 


Sets interface card flag higfi. 


100 


20 


I/O output operation 


Strobes computer data word into inter- 
face card on OT/VOTB. 


101 


24 


I/O input operation 


Input strobe from LIA/LIB. Initiates bulk 
erase. 


GLF 


7 


Clear flag 


Clears flag and interlock. Also allows 
mode control to be cleared by T3(B). 


SFS 


25 


Skip if flag set 


Used to determine if flag is set. Causes 
SKF if flag is set. 


SFC 


5 


Skip if flag clear 


Used to determine if flag is clear. 
Causes SKF if flag is clear. 


SKF 


12 


Skip flag 


If issued it will cause program to skip 
an instruction. See SFS and SFC above. 


lEN 


8 


Interrupt enable 


High when the computer interrupt sys- 
tem is on, low when it is off. Must be 
high if an interrupt is to occur. 


POPIO(B) 


17 


Power-on preset 


Initialization command which presets 
interface card to known starting con- 
dition when power is applied to com- 
puter. Also issued by PRESET button. 
Causes bulk erase. Also see CRS. 



3-16. FUNCTIONAL BLOCK DESCRIP- 
TION 

3-17. CONTROL SECTION 



Card to a Slave Card) will generate a clear (CLR) signal on 
the card and its opposite polarity NCLR signal. These 
signals reset the timing module and sync selector. 



3-18. Refer to figure 3-5, functional block diagram, 
throughout the following description. The control section 
is contained in a single IC package called the Control 
Module. Within it are the standard flag and interrupt 
circuitry used in HP 2100-Series Computer interfaces, and 
the memory control functions. The control signals set up 
the card for memory read or write operations. During an 
I/O operation, an interrupt acknowledge sets a flag inter- 
lock flip-flop which inhibits further interrupt requests. A 
clear flag (CLF) must be programmed and issued by the 
computer to re-enable the interrupt circuit. (Most HP 
2100-Series Computer interface cards do not include the 
flag interlock feature.) A CRS command from the compu- 
ter resulting from a CLCO program mnemonic (or compu- 
ter front panel EXT PRESET, or LINK from the Master 



3-19. When either (CLC SC) or (CLC 0) occurs the 
control module is set so that the next OTA will be inter- 
preted as mode information. The least significant bits 
(lOBO through lOBO 3, depending on jumper WIS set- 
tings) of the next word are strobed into the mode register 
by the mode strobe (NMSTB) signal. 100 initiates 
NMSTB and NSTB signals. Normally, mode bit 1 is zero 
(white-on-black on BW monitors) unless polarity reversal 
has been programmed (POL high). The mode signals for 
color are given in table 3-4. Bulk erase is caused by either 
POPIO (power-on preset) or lOI from program LIA, MIA, 
etc. POPIO also sets CRS high which resets the counters. 
Bulk erase is initiated by NBEE (low) from the control 
module at input 1 of UIOIA forcing W/E high at the input 
Din of the RAM's, which is the erase condition. 
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Table 3-3. External I/O Signals 



MNEMONIC 


1 

PIN 


SIGNAL 


DESCRIPTION 


LINK OUT 


2 


Multi-card Synchronization 
(Master Card) 


When connected to LINK IN, resets counters and 
registers. 


LINK IN 


B 


Multi-card Synchronization 
(Slave Card) 


Receives LINK OUT from master card for frame 
sync. 


VIDEO 


4, D 


Composite Video Output 


Video signal with sync pulses to drive TV monitors 
through 75-ohm coaxial cable. 


SYNC 


6, F 


Sync Output 


Synchronization pulse train only. This is an auxiliary 
output for TV monitors requiring external sync. 


RVID 


8, J 


Raw Video Output (Slave Card) 


Video without sync, connects to BIN or CIN of 
master card for multi-level gray operation (ML level). 


BIN 


10 


Card B Input (Master Card) 


Raw video input signal from slave card B for multi- 
level gray operation. 


GIN 


L 


Card C Input (Master Card) 


Raw video input signal from slave card C for multi- 
level gray operation. 


ADDR OUT 


12 


Select Code Addressed 
(Master Card) 


Indicates master card addressed by computer. 


ADDR IN 


N 


Input for Addressed Encode 
(Slave Card) 


Slave card input for addressed signal. Enabled by 
jumper W16 in position B. 


RAO 
thru 
RA15 


13-20 
and 
P-X 


Read Address 


A 16-bit word (ground true) indicating the read 
address of the point being displayed. Current point 
read address bits are auxiliary output for user imple- 
mentation of a light pen. 


GLK OUT 


21, Y 


Clock 


Point clock to aid in light pen implementation. 


MCLK OUT 


23 


Master Clock Output 


Clock signal for locking multiple cards together for 
color or multi-level gray operation. 


EXT MCLK IN 


AA 


External Master Clock Input 


Card can operate from an external clock when this 
signal is present and jumper W3 is in position B. For 
slave cards. 



3-20. The mode bit 1 gives nornial polarity of the video 
when logic (low) and the inverse polarity when logic 1 
(high) which gives the complements of the colors. Mode bit 
1 exits the mode register as the polarity reference (POLR) 
signal to a polarity flip-flop in the control module. The 
POLE signal is gated through by the vertical blanking 
(VB) signal to enable the polarity signal (POL) which goes 
to the shift register. Therefore, signal polarity can only be 
changed at the end of a field during the blanking period. 

3-21. The clock timing signals (GLK, CLK/2, CLK/4, 
CLK/8, CLK/16) are used to generate the following: 
read/write (R/W), word select (WS), chip enable (CE), and 
address clock enable (ACE). WS is the same as R/W in- 
verted as long as bulk erase is not in effect. The R/W 
signal is routed through two "nand" gates for pulse shap- 



ing and becomes the write enable signal (NWE) which 
goes to the WE terminal on all 16 RAM's. A low (logic 0) 
NWE signal selects the write mode. All memory read/ 
write functions take place when the clock signal GE, 
through the clock driver, is high. The AGE can only occur 
when the RAM's are not clocked (absence of GE). AGE 
gates NGLK through UIOID producing the address clock 
signal (NAG) for the RAM address storage and memory 
address register. This ensures that the address lines to 
memory are settled before a pulse arrives on the CE line. 

3-22. Multiple cards for color or gray scale are addres- 
sed simultaneously by LSGM, LSGL, and lOG(B) generat- 
ing ADDR through U41 as though they were located in the 
one computer select code position of the master card. The 
parallel addressing comes from the positioning of jumper 
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W16 at "A" for the master and "B" for the slaves. This 
sends the ADDR OUT signal through the 48-pin connector 
to ADDR IN on the slaves. 100 initiates NMSTB and/or 
NSTB to strobe the TV interface card(s). Mode bit on 
each card is selected by jumper W18 which applies lOBO 
to master card A, lOBO 2 to slave card B and lOBO 3 to 
slave card C. Thus, the mode programming word, accord- 
ing to the three-bit combinations listed in table 3-4, will 
provide a color display or gray scale. 



Table 3-4. Multipl 


e-Card Mode Word Signals 


lOBO BITS 
3-2-0 


3-CARD 
COLOR 


3-CARD 
BW 


2-CARD 
COLOR 


2-CARD 
BW 


0-0-0 
0-0-1 
0-1-0 
0-1-1 
1-0-0 
1-0-1 
1-1-0 

1-1-1 


white 

cyan 

magenta 

blue 

yellow 

green 

red 

black 


7/8 wh 

3/8 

5/8 

1/8 

3/4 

1/4 

1/2 

black 


yellow 
green 

red 
black 
yellow 
green 

red 
black 


3/4 wh 

1/4 

1/2 

black 
3/4 wh 
1/4 
1/2 

black 


Note: lOBO 1 is (low) for the above. Programming lOBO 
1 as 1 (high) reverses the video polarity. This re- 
verses black and white on BW monitors and gives 
complementary pairs on color monitors as follows: 
three card colors are white - black, red - cyan, 
green - magenta, blue - yellow; two card colors are 
yellow - black, red - green. 



3-23. TIMING SECTION 

3-24. The timing section consists of the crystal oscil- 
lator, the timing module, the sync selector, and the blank- 
ing generator. 

3-25. The repetition rate of the master clock signal is 
dependent on the selected oscillator crystal. During color 
or multiple level gray operation, two or three TV interface 
cards (designated as cards A, B, and C) may be employed. 
On master card A, jumper W3 is placed in position A for 
the clock signal MCLK to be applied to the timing module. 
Jumper W3 on slave cards B and C is set to position B so 
the clock signal comes from EXT CLK IN. In this manner 
all cards are clocked by one master clock (MCLK) signal, 
thus ensuring synchronization of all cards as a group. 

3-26. Slave card operation requires a LINK signal into 
the control module from the master card to maintain sync 
between cards. The link signal comes from the sync 
generator during the vertical blanking period of field one 
when all counters pass through zero. This ensures that the 
master and slave cards are synchronized. 

3-27. The MCLK signal is routed to the timing module 
where it is divided by two to produce the basic clock pulse 
(CLK.NCLK) which is the point time used to shift the 
registers, control basic card timing, clock the discrete dis- 
play points, etc. An 8-bit horizontal point counter divides 



the basic clock pulse to produce the CLK/2, CLK/4, CLK/8, 
CLK/16, CLK/32, CLK/64, CLK/128, and CLK/256 clock 
pulses. The total of 256 is normal for one horizontal line of 
the visible display. Upon entering horizontal blanking, 
the counter counts to 64. The counter resets and begins 
counting for the next visible line to repeat the count of 
256. The value of the 8-bit horizontal point counter during 
the visible portion of the horizontal line provides the dis- 
played point horizontal address for the memory section. 
The total count cycle is 320 counts providing in addition to 
the 256 point line, one horizontal (HS) sync pulse, two 
equalizing (EQ) pulses, two vertical sync (VS) pulses and 
the horizontal blanking (HB) pulse. 

3-28. An 8-bit vertical line counter divides the hori- 
zontal sync pulses by 240 or 256, according to the scan 
mode settings of jumpers W5 and W7. At the last coimt, 
the timer switches from line scan to the vertical blanking 
period, applying blanking VB and counting a predeter- 
mined number of counts based on the mode of operation 
selected by jumpers W4 and W8. At the end of the blank- 
ing count, the covmter resets VB. The vertical line counter 
provides the timing pulses HS/2, HS/4, HS/8, HS/16, 
HS/32, HS/64, HS/128, HS/256. Each time the vertical 
blanking period is started or stopped, a flip-flop is toggled 
to produce the field signals FLDl and FLD2 when the 
jumper W9 is set for interlace in the American or Euro- 
pean scan modes. 

3-29. The clear (CLE, NCLR) inputs from the control 
module serve to reset all counters, flip-flops, and registers. 
Refer back to table 2-1 for the effect of jumpers on the scan 
parameters. 

3-30. The sync selector operates only during vertical 
blanking. A 5-bit counter, when enabled during the verti- 
cal blanking period, counts the vertical sync (VS) pulses. 
When not in the vertical blanking period (display visible), 
the vertical blanking (VB) signal holds the entire counter 
in the zero state. During this time VB is low and the 
ground-true vertical blanking NVB signal is high. 

3-31. Jumpers W2, WIG, and W12 are employed to 
reset the counter after counting the appropriate number of 
VS pulses for the operating mode. WIG provides vertical 
sync (VS) reset for Modes II and III, W12 provides counter 
reset for Mode I, and W2 establishes the number of 
equalizing pulses for the mode selected. 



3-32. MEMORY SECTION 

3-33. The TV interface card contains a 65,536-bit 
solid-state memory made up of sixteen 4G96-bit random- 
access memory packages (RAM's). The bits in the memory 
are directly related to the points displayed on the TV 
monitor in a 256-by-256 point array. One 16-bit computer 
word is used to address any point in memory with the 
lower 8-bit byte addressing the X (horizontal) axis of 256 
(0-255) locations, and the upper 8-bit byte addressing the 
Y (vertical) axis of the 256 (0-255) locations. 
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3-34. The input 16-bit computer word (lOBO through 
lOBO 15) contains the address of the particular point in 
memory which is to be written or erased. The control 
signal NSTB strobes the memory input register and at 
NAC the computer word goes into the memory input regis- 
ter. The four least significant bits go into the RAM select 
storage. At the appropriate time, the word select (WS) 
signal goes high which enables the RAM select decoder to 
select a RAM. At the same time, the upper twelve bits are 
stored in the memory address register. 

3-35. The 12 address lines from the memory address 
register are common to all 16 RAM's. Within each RAM 
package there is a 64-by-64 array (4,096 points). The lower 
six address lines (AO through A5) are used for row selec- 
tion and the upper six address lines (A6 through All) are 
used for column selection. The output of the RAM select 
decoder (which is a pair of 256-bit read only memorys) will 
select only one RAM package. This pre-programmed ROM 
applies the chip select (NCS) signal to the addressed RAM. 

3-36. The previously issued control word with mode 
information will determine whether a write or erase oper- 
ation is to take place. NWE becomes low for write enable 
or high for read enable according to the gating (by U31) of 
the R/W signal from the control module and the CLK/8 
signal from the timing module. The write/erase (W/E) 
signal is applied to all 16 RAM data input terminals. A 
logic low writes the point and a logic high erases the point. 

3-37. On the selected RAM, the select terminal receiv- 
ing the NCS signal effects the data-in, data-out, and write 
enable inputs. An NCS low enables data-in and data-out 
terminals to perform read/write operations. The NCS 
input mvist be low and all address lines must be stabilized 
on or before the rising edge of the clock CE signal. All 
read/write operations take place when the clock CE input 
is high. When the clock CE line is low, no operation can 
take place. 

3-38. Refresh of the RAM's takes place more than ten 
times every two milliseconds by reading through the 64 
row addresses of each of the 16 RAM's. The refresh takes 
place by reading in the following manner: When the WS 
signal high is present, the timing signals from the timing 
module (HS and CLK) are stored in the memory address 
register. WS also holds the select decoder in a pre- 
programmed state where all NCS lines are low to select all 
16 RAM's simultaneously. Upon application of the NAC 
signal to the clock input of the memory address register, 
the timing signals are transferred onto the address lines. 
The read cycle continues when the CE input goes high on 
all RAM's. 

3-39. The memory output 16-bit shift register operates 
with parallel input from the RAM's and serial shift output 
to U61 to provide the video output bit stream for each 
point of the video display in sixteen 16-bit increments for 
each 256 point line. The state of the NLD signal, applied to 
the shift/load input, establishes the input or output mode. 
When NLD goes low, parallel loading of DOUT through 
DOUT 15 from the addressed RAM occurs on the next 



NCLK clock pulse. Bit DOUT is immediately available 
to U61. When NLD goes high, serial shifting of the data 
into U61 occurs with each NCLK clock pulse starting with 
DOUT 1. The polarity signal (POL) shifts in, replacing the 
data bits shifting out to fill the register. 

3-40. When the 16th NCLK pulse after NLD high oc- 
cvirs, NLD goes low again which will load a second set of 
16-bits from the addressed RAM. DOUT of the second 
data word becomes immediately available to U61 followed 
by NLD high and NCLK to shift DOUT 1 to the output 
position, etc. Starting at the beginning of a horizontal line, 
after 16 parallel loads and shifts a total of 256 points have 
been output. Then NLD remains high so no more loading 
occurs, NCLK continues and the shift register output bits 
resulting from POL are applied to U61 pin 1 for blanking. 
The horizontal blanking period continues as long as NLD 
is high, lasting for 64 clock pulses. NLD then goes low to 
repeat loading data for the next line. 



3-41. VIDEO SECTION 



3-42. During the blanking period, the output (pin 3) of 
exclusive "or" gate U61 will be low. This is because POL, 
direct and through the register, is applied to the gate's two 
inputs (when both inputs of an exclusive "or" are the 
same, the output is low). The level is inverted in U81 
"nand" gate to apply a high level to the video amplifier. A 
high level at this point results in a black (or blanked) level 
in the display. 

3-43. The blanking activity described above for the 
horizontal line is repeated for the vertical period after the 
bottom line has been displayed. The blanking period for 
vertical retrace is determined by the operating mode (1, 11, 
or ni). The blanking generator inhibits NLD (ground-true 
signal) to provide a high whenever either vertical (NVB), 
horizontal blanking (HB, NHB), or FLDl through jumper 
Wll occurs. The load signal (LD), the source of NLD, 
appears once every 16 clock pulses at the blanking 
generator input. The CLK/64 and CLK/256 timing signals 
function as control in selecting the blanking period, being 
"and" gated with the horizontal blanking signals HB and 
NHB. Normally, jumper Wll is absent and therefore field 
one input is always high. Installation of jumper Wll in- 
hibits the second field in the interlace mode to accentuate 
discrete points in the Y axis. (Information in only one field 
is displayed.) In this case, the TV monitor should have a 
long persistence phosphor screen CRT to reduce screen 
flicker. When FLDl goes low coincident with the second 
field, the output NLD signal is inhibited (signal is high) 
and provides blanking for the entire second field as 
explained in paragraph 3-40. 

3-44. U81 clocks each display bit as long as jumper W6 
is installed. When W6 is removed, the pull-up resistor on 
pin 1 holds the gate continuously open so that the discrete 
data points in memory merge together as lines (refer to 
figure 3-lB showing clocked and unclocked waveforms). 
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3-45. Polarity inversion of the video display is control- 
led in U61 in the following manner. When the polarity 
line POL is low and the display bit is high, the output of 
U61 is high resulting in white (or color) which is the 
normal convention. If POL is programmed high, then 
when the display bit is also high, the result is a low output 
for black. Therefore, programming POL from the normal 
low to high inverts the video display from white-on-black 
to black-on-white (or color complements in color displays). 

3-46. The video circuitry includes three transistors 
(Ql, Q2, and Q3), an inverter (U70), and operational 
amplifier (Ul) and 5 volt regulator UIO. The output from 
"nand" gate U81 is the raw video routed to inverter U70 
then to the operational amplifier Ul for multiple gray- 
scale operation or routed through jumper Wl-A to video 
amplifier Ql for single BW or color operation. 

3-47. During black-and-white or color operation 
jumper Wl-A is installed. Raw video is applied to Ql and 



the sync signal is applied to Q2. The collectors of transis- 
tors Ql and Q2 are tied together to provide the output 
composite video signal with sync. The composite video 
output has a 75-ohms source impedance to drive 75-ohm 
coaxial cable with the video levels of white at volt, black 
at - 1 volt, and sync at - 1.4 volts. The sync output from 
Q3 is a 4.0-volt (nominal) negative-going pulse. 



3-48. In multi-level gray or color operation, two or 
three TV interface cards may be used. Refer to Section 11 
for card configuration information. One card is designated 
the master (card A) and the others are slaves (cards B and 
C). During multi-level gray operation, the raw video sig- 
nals from all the cards are summed at the input of the 
operational amplifier (Ul) on the mastercard to produce a 
single video signal going to Ql through jumper Wl-B. 
Sync is added by Q2 as in single card operation. Three 
controls (R5, R6, and R7) allow minor level adjustments 
(refer to figure 2-5). 
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4-1. INTRODUCTION 

4-2. This section describes a diagnostic test procedure 

which checks the TV interface card for proper operation. 
The description of the test procedure is supported by 
example test patterns. 

4-3. EQUIPMENT REQUIRED FOR TEST 

4-4. The following items are required to run a diag- 

nostic test of the TV interface card:* 

a. An HP 2100A/S or HP 21MX Computer. 

b. The diagnostic paper tape, part no. 91200-16003, fur- 
nished as part of the kit. 

c. An input device to enter the program into memory 
(e.g., an HP 2748B Tape Reader) with its interface 
card and cable. 

d. The TV monitor interconnecting cable, part no. 
91200-60006, or multiple-csird cable assembly, part 
no. 91200-60008, or user fabricated cables according 
to figures 2-2 and 2-4. 

e. User supplied TV monitor. 



4-5. DIAGNOSTIC TEST PROCEDURE 

4-6. The diagnostic program consists of a go no-go 

test, a super test for examination of individual patterns, a 
RAM test, and a color bar or gray-level bar test pattern. 
The test results appear on the display register of the com- 
puter and the test patterns are shown on the TV monitor. 

4-7. The purpose of the diagnostic is to allow the 

operator to do the following: 

a. Check the TV interface card for proper operation. 

b. Check and adjust the TV monitor horizontal and ver- 
tical gain and positioning. 

c. Check and adjust the TV monitor focus. 

d. Check and adjust the TV monitor for pin cushion 
distortion and linearity. 

e. For multiple card installations, adjust gray scale or 
color. 

*Next lower priority (higher numbered) I/O slot must have 
an interrupt type I/O card installed in it or an "error 7" 
will occur. 



f. Check the TV interface card for missing storage bits. 

g. Check the erase time using a 44 ms software timer. 



4-8. 



TEST PROGRAM CONFIGURATION 



4-9. The following procedure assumes the 

programmer/operator is familiar with the operation of his 
computer. The diagnostic is an absolute program that can 
be loaded into the computer at any time, off-line from the 
main operating system. The procedure is as follows: 

a. Examine the TV interface card jumpers to be certain 
of the scan mode of operation. 

b. Be sure that the TV interface card (or cards) is instal- 
led in the computer 170 slot in the proper order. The 
proper order is determined by the required I/O slot 
order of the system in which it is being used. Ensure 
that the card is seated firmly, and see that the video 
cable is connected to the TV monitor. (Installation of 
the TV interface card must follow the rules for I/O 
card installation in HP 2100-Series Computers, Refer 
to the appropriate manuals as required.) 

c. Refer to the applicable procedure in paragraph 4-31 or 
4-34, respectively, for basic binary loader (BEL) in HP 
2100A/S Computers or initial binary loader (IBL) in 
HP 21MX Computers. 

d. Load the diagnostic program, HP part no. 91200- 
16003. This is an absolute program requiring the 
BBL, or IBL, to load. Re-roll and store the tape. 

e. Set up the P-register to display on the DISPLAY RE- 
GISTER and enter 000003 (octal), the starting ad- 
dress of the diagnostic program. Press STORE on the 
HP 21MX Computer only, on this and subsequent 
storage steps for the S- and P-register s. 

f. Set the switch register bits through 5 to the select 
code of the TV interface card (computer I/O slot of the 
one card or I/O slot of master card). 

g. Press PRESET, then RUN. The program should halt, 
displaying 102000 (octal). 

h. Set and store** the switch register bit through 2 for 
the model number of the computer using the following 
octal codes: 



HP 2100A/S 
HP 21MX 



000000 
000003 



** 



HP 21MX-Series Computers only. 
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i. Press RUN. The program will HALT with a display of 
102001 (octal). 

j. Set and store* the switch register bit for the scan 
mode used according to the following codes: 

American Scan Set to 1 

European Scan Set to 

Non-Standard Scan Set to 

k. Press RUN. The program will halt with a display of 
102077 (octal). This is a final halt for initial setup. 
Proceed to one of the tests below. 

4-10. GRAY SCALE OR COLOR 

4-11. For all the following tests where gray scale or 
color operation is used, the switch register bits through 3 
must be set for the desired BW or color display. For single 
BW monitors these bits should be for normal operation. 
Use one of the codes listed in table 4-1. 



Table 4-1. Color and Gray Scale Codes 


SW REG. 


3-CARD 


3-CARD 


2-CARD 


2-CARD 


2-1-0 




COLOR 


BW 


COLOR 


BW 


0-0-0 




White 


7/8 wh 


Yellow 


3/4 wh 


0-0-1 




Black 


Black 


Black 


Black 


0-1-0 




Red 


1/2 


Red 


1/2 


0-1-1 




Green 


1/4 


Green 


1/4 


1-0-0 




Blue 


1/8 


Black 


Black 


1-0-1 




Yellow 


3/4 


Yellow 


3/4 wh 


1-1-0 




Magenta 


5/8 


Red 


1/2 


1-1-1 




Cyan 


3/8 


Green 


1/4 


Notes: 1 , 


If black is selected, no pattern will appear on the 


m 


screen. 


2. 


Switcr. register bit 3, when set to 1, reverses 




video poiarity. Refer to table 3-4 for details. 



4-12. GO NO-GO TEST 

4-13. The go no-go test is a quick operational check of 
the TV interface card. This test contains subroutines 
which allow an I/O check, display of the test patterns, and 
a flashing HP logo. Subsequent steps in the following 
procedure give the starting addresses of these subroutines. 
The procedure assumes that the diagnostic test setup 
specified in paragraph 4-8 has been implemented. The 
procedure is as follows: 

a. Select the P-register of the computer, enter and store* 
00002 (octal). 

b. Select the S-register CLEAR DISPLAY, and change 
and store* any bits from to 1 for the desired option 
as follows: 



*HP 21MX-Series Computers only. 
4-2 



Bits thru 3 Color and video polarity (refer to 
table 4-1). 

Bit 15 If set, test repeats. 

Bit 14 If set, colors will automatically 

be cycled by incrementing bits 0, 
1, and 2 of the switch register 
giving a new color for each pass. 
Black is skipped. 

c. Press PRESET, then RUN. 

4-14. The first part of the test checks all I/O instruc- 
tions. Program halt octal codes showing in the display 
register indicate the following conditions: 

102077 Test passed after all patterns displayed 

and HP logo flashed. 

102002 Test failed. Indicated bulk erase is not 

completing. 

102005 Test failed. Indicates I/O failure accord- 

ing to the code stored in A- and B-regis- 
ters as follows: 

— Flag not set, or bad SFS. 

1 — SFC bad. 

2 — Mode problem, flag not setting at 

end of mode. 

3 — Flag not clearing, or mode not 

clearing. 

4 — SFC bad. 

5 — Select code decoding bad (LSB). 

6 — Select code decoding bad (MSB). 

7 — Priority chain bad in TV card, or 

interrupt card not installed in 
next lower priority slot. 

10 — No interrupt. 

11 — No write response. 

Following an error halt 102005 (octal), pushing RUN will 
cause the I/O check to be repeated without continuing 
with the other tests. 

4-15. If no errors are detected, the test continues with 
pattern displays. Each pattern is held briefly in the follow- 
ing order: gain, Crosshatch, settling time, all points, and 
HP logo. The patterns (except for all points) are shown in 
figure 4-1. The Crosshatch pattern is modified to selec- 
tively erase all points in the pattern in the same order as 
they were written. The all points pattern erases selec- 
tively all points of the screen in the opposite order from 
the writing order. 
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(A) NON-STANDARD & EUROPEAN STANDARD 
GAIN TEST PATTERN 256X256 



(Bl GAIN TEST PATTERN (AMERICAN) 256X240 





(C) CROSSHATCH TEST PATTERN 
(NON-STD, EUROPEAN) 256X256 



(D) CROSSHATCH TEST PATTERN 
(AMERICAN STD) 256X240 



Figure4-1. Diagnostic Test Patterns 
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(E) SQUARE TEST PATTERN 
FOR SETTLING TIME 



(F) LOGO 



Figure 4-1. Diagnostic Test Patterns (continued) 



4-16. After patterns, the test continues with a test of 
video polarity switching. If white is selected, the HP logo 
is displayed in white with a black background then 
changes to black on white. If color was selected, the dis- 
play first shows the background in the complementary 
color followed by the logo in the selected color, then the 
polarity reverses at half the rate of the white-to-black 
flashing. 

4-17. To continuously repeat the I/O check for trou- 
bleshooting, set the octal starting address in the P-register 
to 000103 (octal) and enter 1 in bit 15 of the S-register. 
Press RUN. To repeat the test only once, set bit 15 in the 
switch register to 0. The program will start by pressing 
RUN at this address following a halt 102005 (octal). 

4-18. To display patterns only, set the octal starting 
address in the P-register to 000101 (octal). Press RUN. 

4-19. To perform only the video polarity test with the 
flashing logo, set the octal starting address in the 
P-register to 000102 (octal). Press RUN. 



4-20. SUPER TEST 

4-21. The super test provides six different test patterns 
to allow adjustment of the TV monitor. They will also 
assist in finding defects in point writing. The patterns 
may be displayed singly or sequentially at the users dis- 
cretion. Time delay between sequential patterns is select- 
able and any one pattern can be continuously flashed in a 
video polarity reversal mode at a user selected rate. The 
color may be selected for the patterns at any time. Super 
test selections and conditions using the computer switch 
register are listed in table 4-2. 



4-22. To run the super test, proceed as follows: 

a. If the program is not already loaded and configured, 
perform the procedure described in paragraph 4-8. 

b. Set up the starting address 000100 (octal) in the 
P-register. 

c. Clear the S-register. 

d. Press RUN. 

e. Select the desired test selections and conditions from 
table 4-2 and enter them in the S-register. 

f. Perform the following test familiarization procedures 
if desired: 

(1) Set switch 4 to display the gain test once. See 
figure 4-l(A) for the 256 by 256 scan and figure 
4-l(B) for the 256 by 240 scan. 

(2) To change the display to the Crosshatch test pat- 
tern, set switch 5. This display is shown in fig- 
ures 4-l(C) and (D) for the two different scan 
modes. 

(3) Set switches 6 through 8, one after the other, to 
view the remainder of the displays. 

(4) To repeat a pattern, or patterns, continuously 
with approximately 5 seconds delay between 
patterns, set switch 15 then the switches for the 
test patterns desired. 

(5) To shorten the delay time between patterns to 
about 1 second, set switch 13. 
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Table 4-2. Super Test Selections and Conditions 



SWITCH REGISTER OPTIONS: 






TEST CONDITIONS 


SWNO. 


SETTING 


ACTION 


0-2* 


— 


Color or Gray Scale selection as given in table 4-1. 


3* 




1 


Video polarity normal. 
Video polarity inverted. 


15 




1 


Individual test occurs once when test switch set to 1**. Tests continue, showing patterns selected 
by switches 4-8, and repeat at intervals set by time delay (switches 11-13 below). 


14 




1 


Tests continue. 

Halt 102077 (octal) at end of test (super test may be restarted by pressing RUN). This 

bit will clear upon halt. 


13* 




1 


Time delay is about 5 seconds unless switch 12 is set. 
Time delay Is about 1 second unless switch 12 is set. 


12* 




1 


Time delay is selected by switch 13. 
Time delay is less than 1 second. 


11* 




1 


Standard time delays. 

Repetition speed-up (about 3 times faster). 


10 




1 


Normal operation. 

Alternating video polarity (flashing pattern) at the rate set by switches 11-13, if switch 15 

is 0. 






TEST 


Switches 4-8 select the test: 


4 


GAIN 


Approximate gain, position, and focus adjust. A square or rectangle is drawn around the 
circumference of the TV (256 x 256 or 256 x 240), enclosing a pattern of arrows pointing to 
the center. Shown in figures 4-1 (A) and (B). 


5 


CROSS 


Crosshatch for precision adjustments. A grid of horizontal and vertical lines are drawn covering 
the entire TV screen. The center lines are heavy, allowing adjustment of position. Shown in 
figures 4-1 (C) and (D). 


6 


ALL PTS 


All Points Test. All matrix points are written. 


7 


SQUARES 


Corner and Settling Time Test. An 8 x 8 square is drawn in each of the four corners of the TV 
screen. Shown in figure 4-1 (E). 


8 


LOGO 


Writes title with HP logo. Shown in figure 4-1 (F). 


9 


BLANK 


Erases screen. 


*Can be changed at any time. Takes effect on next generated pattern. 
**Test switch) clears automatically. 


Note: HALT 102002 (octal) 
RUN. 


indicates that the erase time exceeded the specification. You may proceed by pressing 
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(6) To shorten the delay times to less than 1 second, 
set switch 12. Note that switch 12 overrides 
switch 13. 

(7) For minimum delay, set switches 11 and 12. 

4-23. A combination of patterns is usually desired for 
TV monitor adjustment. A typical method using the super 
test is as follows: 

a. Gain pattern — to adjust the controls for monitor gain 
position, and focus. 

b. Crosshatch pattern — to adjust pattern curvature (pin 
cushion), linearity, and color monitor convergence. 

c. All points test — to determine if all points are being 
written and to check sync capability by immediately 
setting another test switch to see if sync is momentar- 
ily lost. If sync is marginal, possibly external sync 
should be considered. 

d. Settling time pattern (squares in corners) — to check 
monitor settling time (if specified by TV monitor 
manufacturer). 

e. Check of the inverting video polarity writing capabil- 
ity by selecting the appropriate test condition (switch 
3 set to 1). 

4-24. RAM TEST 

4-25. The random access memory (RAM) test allows 
the test of RAM's individually. The super test, described 
under paragraph 4-20, allows writing of all matrix points. 
Thus, if a point is detected in the super test as not being 
written or erased, the malfunctioning RAM may be 
quickly identified. In the super test pattern, the unwritten 
point may be marked with a grease pencil to locate it 
during the RAM test. In this test, each RAM is addressed 
individually and the resultant display is comprised of 16 
vertical lines positioned according to the locations Avritten 
by that particular RAM. Absence of a line, or part of it 
identifies a faulty RAM. 

4-26. There are 16 RAM's numbered from through 17 
(octal) to cover 256 horizontal points. RAM contains all 
points with horizontal (X) addresses of 0,16,32 ... .to 240 
with being furthest on the left side of the screen. RAM 1 
contains all points with horizontal (X) addresses of 1,17,33 
... .to 241. Similarly RAM's 2 through 17 cover the 
remaining addresses with RAM 17 containing all points 
with horizontal (X) addresses of 15,31,63 ... .to 255. 

4-27. The procedure for operating the RAM test is as 
follows: 

a. If the program is not already loaded and configured, 
perform the procedure specified in paragraph 4-8. 

b. Enter the starting address of 002000 (octal) in the 
P-register. 



c. Set the RAM number desired fi-om through 17 (oc- 
tal) (as described above) in switch register bits 12 
through 15; e.g., 120000 (octal). 

d. For color, set bits through 2, according to table 4-1, 
in the switch register along with the RAM number. 

e. Press PRESET, then RUN. A halt is always observed 
— for convenience the halt code contains the RAM 
number selected; e.g., 102012 (octal) for RAM 12 (oc- 
tal). Normally, this will display all points of 16 verti- 
cal lines. 

Note: HALT 102002 (octal) may indicate that 
the erase time exceeded specification if 
RAM 2 were not programmed and the 
RAM pattern was not displayed. To dis- 
tinguish from RAM 2, try another RAM. 
Proceed by pressing RUN. 



f. Press RUN again. Observe a HALT with all points in 
the selected RAM selectively erased. The halt code 
will agree with the RAM selected. 

g. Repeat steps c,d,e, and f until all RAM's have been 
checked or a faulty RAM isolated. The RAM number 
(octal through 17) in this procedure corresponds 
with the RAM numbers shown in figure 2-1. 

4-28. COLOR BAR TEST 

4-29. For multicard systems, all colors (or all levels of 
gray) can be displayed in a bar pattern. The pattern is 
shown in figure 4-2(A) for three cards and 4-2(B) for two 
cards. Each bar is a different color (or gray level) with 
black on the left and white on the right as labeled on the 
bars in figure 4-2. If this pattern is selected for a one-card 
system, the screen is black on the left half and white on 
the right half and lower portion. To select the color bar 
pattern, proceed as follows: 

a. Enter the starting address of 000104 (octal) into the 
P-register. 

b. Set bits into the switch register the same as in the 
super test for switch register bits 15,13,12,11, and 10, 
if repeating or flashing of the pattern is desired. 

4-30. The color bar pattern can be used for setting tint 
controls on color monitors or for setting the three adjust- 
ment controls on the TV interface master CEird for multi- 
level gray. Also the black-and-white monitor can be ad- 
justed for contrast and brightness. 



4-31. HP 2100A/S COMPUTER BBL 

4-32. The Basic Binary Loader (BBL) is a sequence of 
instructions which will load, into the computer memory, 
programs prepared with absolute addresses, using defined 
input devices. The instructions are stored in the highest 
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COLOR 


BLACK 


BLU 


GRN 


CYN 


RED 


MAG 


YEL 


WHT 


GRAY LEVEL 


BLACK 


1/8 


1/4 


3/8 


1/2 


5/8 


3/4 


7/8 



(A) BAR DISPLAY FOR THREE TV INTERFACE CARDS 



COLOR 



GRAY LEVEL 



BLACK 



BLACK 



GREEN 



1/4 



RED 



1/2 




YELLOW 



3/4 




72 02 -5 B 



(B) BAR DISPLAY FOR TWO TV INTERFACE CARDS 



Figure 4-2. Color Bar or Multilevel Gray Test Pattern 
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64 memory locations of your computer. Whenever you 
encoimter a procedure directing the use of the Basic Bi- 
nary Loader to load an absolute binary tape, use the pro- 
cedure described here. The procedure will identify the 
particular tape to be loaded. 

4-33. The standard input device for these procediu-es 
will be a high-speed tape reader or the teleprinter tape 
reader (no high-speed tape reader in the system). Loading 
is accomplished as follows: 

a. Tvim on the input device and prepare for reading (e.g., 
load tape in tape reader). The input program must be 
in binary form, containing absolute addresses. 

b. Press S to select the S-register. This will cause the 
S-register contents to be displayed in the DISPLAY 
REGISTER. 

c. Clear bits and 15 of the display. (These bits are to be 
set only for certain nonloading check operations; refer 
to software operating manual.) The status of the re- 
maining bits is not significant. 

d. Press P to select the P-register. This will cause the 
P-register contents to be displayed in the DISPLAY 
REGISTER. 

e. Set the display to the starting address of the basic 
binary loader, according to table 4-3. 

Table 4-3. Starting Address for Basic Binary Loader 





OCTAL 


MEMORY SIZE 


STARTING ADDRESS 


4K 


07700 


8K 


17700 


12K 


27700 


16K 


37700 


24K 


57700 


32K 


77700 



f. Press EXTERNAL PRESET and INTERNAL PRE- 
SET. This initializes the external hardware (I/O 
channels) and the internal hardware (central proces- 
sor). 

g. Press LOADER ENABLE, and then press RUN. The 
lights for both switches will remain on while the input 
operation is in progress. 

h. When the input device stops, the HALT light will go 
on, RUN and LOADER ENABLE lights will go off, 
and the DISPLAY REGISTER should indicate 102077 
(octal), with MEMORY DATA automatically selected. 
The load is complete. 

4-34. HP 21 MX COMPUTER IBL 

4-35. This procedure describes a cold start using the 
standard paper tape loader ROM, which will allow a pro- 



gram to be loaded via a punched-tape reader. At the rear 
of the computer, set the ~ LINE and BATTERY switches 
to ON and proceed as follows: 

a. On the operator panel, set key-operated switch to 
OPERATE. 

b. Press left half (-^ ) or right half (► ) of Register Select 
switch to select S-register. 

c. Press CLEAR DISPLAY and set bits 6 through 11 to 
display octal select code of tape reader. 

d. Set bits 15 and 14 to zeros to select standard paper 
tape loader ROM. 

e. Press STORE and then press IBL. The paper tape 
loader is now loaded into the uppermost 64 locations 
of memory and the select code of the tape reader is 
patched according to the contents of the S-register. 
The P-register is now pointing to the first instruction 
of the loader. 

f. Turn on tape reader and prepare it for reading. Press 
PRESET and then press RUN. The program will now 
be read into memory and the computer will halt with 
the T-register selected automatically. A successful 
load is indicated if the Display Register contents are 
102077 (octal). 

To run a program after it has been loaded, proceed as 
follows: 

a. Press left half ( -4 ) or right half (► ) of Register Select 
switch to select P-register. 

b. Press CLEAR DISPLAY and set Display Register to 
starting address of program. 

c. Press STORE, PRESET, and RUN. 

The RUN indicator will remain lighted as long as the 
program is running. If the key-operated switch is set to 
OPERATE, all operator panel controls except the Display 
Register, CLEAR DISPLAY, and HALT switches are dis- 
abled. The S-register is displayed automatically and can 
be changed manually via the Display Register bit 
switches. If the key-operated switch is set to LOCK, the 
RUN and HALT switches are disabled and all other 
switches are enabled within the constraints of the run and 
halt modes. 

4-36. ERROR HALTS 

4-37. If the halt code is not 102077 (octal) when the 
device stops, there has been an error in the loading pro- 
cess. Two possible error conditions are indicated by the 
loader, which changes the halt code to identify the type of 
error. A halt code of 102055 (octal) indicates an address 
error, check if the proper tape is being read, or if it is in 
backwards. A halt code of 102011 (octal) indicates a 
checksum error; check for possible bad tape, or dirty tape 
reader or tape. 
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KOREA 

Samsung Electronics Co., Ltd 

20th Fl. Dongbang BIdg 250,2-KA 

C.P 0. Box 2775 

Taepyung-Ro. Chung-Ku 

Seoul 

Tel: 123)6811 

Telex: 22575 

Catjie: ELEKSTAR Seoul 

MALAYSIA 

Teknik Mutu Sdn. Bhd. 

2 Lorong 13'6A 

Section 13 

Petaling j3ya,Setangor 

Tel: 54994/54916 

Telex: MA 37605 

Protel Engineerino 

P,0, Box 1917 

Lot 259, Satok Road 

Kuchjng, Sarawak 

Tel. 2400 

Cable: PROTEL EN6 

MOZAMBIQUE 

A,N Goficalves. Lta 

162, I'Apt, 14 Av D Luis 

Caixa Postal 107 

Lourenco Marques 

Tel; 27091, 27114 

Telex: 6-203 NEGON Mo 

Cable: NEGON 

NEW ZEALAND 

Hewlett-Packard (N,Z,} Ltd. 

P.O. Box 9443 

Courtney Place 

Wellington 

Tel. 877-199 

Telex: NZ 3839 

Cable: HEWPACK Wellington 



Hewlett-Packard (N.Z,) Ltd. 

Pakuranga Professional Centre 

267 Pakuranga Highway 

Box 51092 

Pakurartga 

Tel: 569-651 

Telex: NZ 3839 

Cable: HEWPACK.Auckland 

Analytical/Medical Only 

Medical Supplies N,Z. Ltd 

Scientific Division 

79 Carlton Gore Rd . Newmarket 

P.O. Box 1234 

Auckland 

Tel: 75-289 

Telex. 2958 MEDISUP 

Cable: DENTAL Auckland 
Analyiical/Medical Only 

M«JiC3l Supplies N.Z Ltd 

P.O. Box 1994 

147-161 Tory St. 

Wellington 

Tel: 850-799 

Telex; 3858 

Cable: DENTAL. Wellington 

Analytical/Medical Only 

Medical Supplies N.Z. Ltd 

P 0. Box 309 

239 Stanmore Road 

Christchurcti 

Tel: 892-019 

Cable: DENTAL, Christchurch 

Analytical/ Medical Only 

Medical Supplies N.Z. Ltd 

303 Great King Street 

P.O, Box 233 

Dunedin 

Tel. 88-817 

Cable: DENTAL, Dunedin 

NIGERIA 

The Electronics 

Instrumentations Lid 

N6B.;770 Oyo Road 

Oiuseun House 

P,M,8. 5402 

Ibadan 

Tel: 61577 

Telex: 31231 TElL Nigeria 

Cable THETEIL Ibadan 

The Electronics Instrumenta- 
tions Lid. 

144 Agege Motor Road, Mushin 

P.O Box 6645 

Lagos 

Cable: THETEIL Lagos 

PAKISTAN 

Mushko & Company. Ltd, 

Desman Chambers 

Abdullah Haroon Road 

KarachJ-3 

Tel 511027. 512927 

Telex: KR894 

Cable: COOPERATOR Karachi 

Mushko A Company, Ltd. 

38B. Satellite Town 

Rawalpindi 

Tel: 41924 

Cable FEMUS Rawalpindi 



NOVA SCOTIA 

Hewlett-Packard (Canada) Ltd 
800 Windmill Road 
P.O, Box 9331 
Dartmouth B2Y 3Z6 
Tel: (902) 469-7820 
TWX: 610-271-4482 HFX 



ONTARIO 

Hewlett-Packard (Canada) Ltd 
1020 Morrison Dr. 
Ottawa K2H 8K7 
Tel (613) 920-6483 
TWX 610-513-1636 
Hewlett-Packard (Canada) Ltd 
6877 Goreway Dnve 
Mississauga L4V 1M8 
Tel (415)678-9430 
TWX 610-492-4246 



PHIUPPINES 

The JDnline Advanced Systems 

Corporation 

6th Floor, Yujui Co. BIdg 

5K) Quintin Paredes St 

Binondo. Manila 

Tel: 48-71-49. 48-68-53 

In Makati: 85-35-81, 85-34-91 

Telex: 3274 ONLINE 

RHODESIA 

Field Technical Sales 

45 Kelvin Road Worth 

P.O, Box 3458 

Salisbury 

Tet: 705231 (5 lines) 

Telex: RH 4122 

SINGAPORE 

Hewlett-Packard Singapore 

(Pte.)Ltd. 
3841F. Jalan Bukit Merah 
BIk, 2, 6th Floor, Jalan 
Redhill Industrial Estate 
Alexandra P Box 58, 
Sirkgapore 3 
Tel: 633022 
Telex: HPSG RS 21486 
Cable: HEWPACK, Singapore 

SOUTH AFRICA 

Hewlett-Packard South Africa 
(Pty.). Ltd, 

Private Bag Wendywood 

Sandton, Transvaal 2144 

Hewlett-Packard Center 

Daphne Street, Wendywood, 

Sandton, Transvaal 2144 

Tel: 802-104018 

Telex: 8-4782 

Cable: HEWPACK JOHANNESBURG 

Service Department 

Hewlett-Packard South Africa 
(Pty.). Ltd, 

P,0 Box 39325 

Gramley. Sandton, 2018 

451 Wynberg Extension 3. 

Sandton, 2001 

Tel: 636-8188'9 

Telex 8-2391 

Hewlett-Packard South Africa 
(Pty.), Ltd, 

P 0. Box 120 

Howard Place, Cape Province, 7450 

Pine Park Center, Forest Drive, 
Pinelands, Cape Province 7405 
Tel: 53-7955 thu 9 
Telex, 57-0006 
Service Department 
Hewlett-Packard South Africa 

(Pty.), Ltd, 
P.O Box 37099 
Overport, Durban 4067 
Braby House 
541 Ridge Road 
Durban. 4001 
Tel: 88-7473 
Telex 6-7954 



TAIWAN 

Hewlett-Packard Far East Ltd., 

Taiwan Branch 

39 Chung Shiao West Road 

Sec, 1 , 7th Floor 

Taipei 

Tel: 3819160-4 

Telex: 21824 HEWPACK 

Cable: HEWPACK TAIPEI 

Hewlett-Packard Far East Ltd. 

Taiwan Branch 

68-2, Chung Cheng 3rd. Road 

Kaohsiung 

Tel: (07) 245318-Kaohsiung 

Analytical Only 

San Kwang Instruments Co.. Ltd 

No. 20. Yung Sui Road 

Taipei 

Tel: 3715171-4 (5 tines) 

Telex: 22894 SANKWANG 

Cable: SANKWANG TAIPEI 

TANZANIA 

Medical Only 

International Aeradio (E A f Ltd 

P,0, Box 861 

Dar es Salaam 

Tel: 21251 Ext, 265 

Telex: 41030 

THAILAND 

UNIMESACn , Ltd. 

Elcom Research Building 

Bangjak Sukumvit Ave. 

Bangkok 

Tel: 932387, 930338 

Cable: UNIMESA Bangkok 

UGANDA 

Medical Only 

International AeradioiE A,), Ltd 

P.O. Box 2577 

Kampala 

Tel 54388 

Cable. INTAERIO Kampala 

ZAMBIA 

R.J. Tilbury (Zambia] Ltd 

P.O. 60x2792 

Lusaka 

Tel 73793 

Cable ARJAYTEE. Lusak;? 



QUEBEC 

Hewlett-Packard (Canada) Ltd 
275 Hymus Blvd 
Pojnfe Claire H9R 1G7 

Tel: (514) 697-4232 
TWX- 610-422-3022 
TLX 05-621521 HPCL 



OTHER AREAS NOT LISTED. CONTACT: 

Hewlett-Packard Intercontinental 

3200 HillviBw Ave 

Palo Alto, California 94304 

Tel. (415)493-1501 

TWX: 910-373-1267 

Cable HEWPACK Palo Alto 

JeiBK. 034-8300, 034-8493 



FOR CANADIAN AREAS NOT LISTED- 

Contact Hewlett-Packard (Canada) 
Ltd. in Mississauga. 



CENTRAL AND SOUTH AMERICA 



ARGENTINA 

Hewlett-Packard Argentina 

SA 

Av Leandro N. Alem 822 - 1? 

1001 Buenos Aires 

Tel: 31-6063,4,5,6 and 7 
Telex Public Booth N' 9 
Cable: HEWPACK ARG 

BOLIVIA 

Stambuk & Mark (Bolivia) Ltda. 

Av. Manscal, Santa Cruz 1342 

La Paz 

Tel 40626, 53163, 52421 

Telex 3560014 

Cable BUKMAR 

BRAZIL 

Hewlett-Packard do Brasil 

I.e.C. Ltda, 

Avenida Rio Negro, 980 

Alpiiaville 

D640Q Baruerl Sao Paulo 

Tel: 429-2148''9;429-2118/9 

Hewlett-Packard do Brasil 

I.e.C, Ltda. 

Rua Padre Chagas, 32 

90000-Pdrto Aiegre-RS 

Tel; (0512) 22-2998. 22-5521 

Cable; HEWPACK potto Alegre 



Hewlett-Packard do Brasil 
),E,C, Lttda. 

Rua Siqueira Campos, 53 
Copacabana 

20000-Rio de Janeiro 
Tel: 257-80-94-DDD (021) 
Telex: 391-212-1905 HEWP-BR 
Cable: HEWPACK 
Rio de Janeiro 

CHILE 

Calcagniy Metcalfe Ltda. 

Alameda 580-01 807 

Casilla2118 

Santiago, 1 

Tel: 398613 

Telex: 3520001 CALMET 

Cable: CALMET Santiago 

COLOMBIA 

Instrumentacitin 

Henrik A. Langebaek & Kier S A 

Carrera 7 No. 48-75 

Apartado A^reo 6287 

Bogota, I DE 

Tel: 69-88-77 

Cable; AARIS Bogota 

Tdex: 044-400 



COSTA RKA 

Cientifica Costarncense S,A, 

Calle Central. Avenidas 1 y 3 

Apartado 10159 

San Jos^ 

Tel: 21-86-13 

Cable; GALGUR San Jos6 

ECUADOR 

Medical Only 

A,F, Viscaino Compahia Ltda 

Av. Rio Amazonas No. 239 

P 0. Box 2925 

Quito 

Tel- 242-150,247-033/034 

Cable Astor Quito 

Calculators Only 

Computadoras y Equipos 

Electrdnicos 

P 0. Box 2695 

990 Toledo (y Cordero) 

Quito 

Tel: 525-982 

Telex: 02-2113 Sagita Ed 

Cable: Sagita-Ouito 



EL SALVADOR 

Instrumentacion y Procesamiento 

Elecfronico de el Salvador 
Buievar de los Heroes 11-48 
San Salvador 

Tel: 252787 

GUATEMALA 
IPESA 

Avenida La Reforma 3-48. 
Zona 9 

Guatemala City 
Tel; 63627, 64786 
Telex: 4192 Teletro Gu 

MEXK^O 

Hewlett-Packard Mexicana. 

SA deC.V 

Torres Adaiid No 21. ir Piso 

Col. del Valle 

Mexico 12, D.F 

Id: (905) 543-42-32 

Telex: 017-74-507 



Hewlett-Packard Mexicans 

S A deC.V 

Ave Conslitucidn No 2184 

Monterrey N L 

Tel 48-71-32. 48-71-84 

Telex: 038-843 

NICARAGUA 

Roberto Teran G. 
Apartado Postal 689 
Edificio Terdn 
Managua 

Tel: 25114, 23412.23454 
Cable: ROTERAN Managua 

PANAMA 

Elecfrdnico Balboa, S A 
P.O Box 4929 
Calle Samuel Lewis 
Cuidad de Panama 

Tel: 64-2700 

Telex. 3431103 Curunda. 

Canal Zone 
Cable: ELECTRON Panama 



PARAGUAY 

Z J, Melamcd S R L 
Divisidn: Aparatos y Equipos 

Medicos 
Divisidn- Aparatos y Equipos 

Cientlficos y de Investigacidn 
P.O Box 676 

Chile-482. EdificiD Victoria 
Asuncibn 
Tel: 91-271. 91-272 
Cable: RAMEL 

PERU 

Compania Electro Mgdica S.A 
Los Flamencos 145 
San Isidro Casilla 1030 
Lima 1 
Tel. 41-4325 
Cable: ELMED Lima 

PUERTO RICO 

Hewlett-Packard Inter-Americas 

Puerto Rico Branch Office 

Calle 272, 

No 203 Urb. Country Club 

Carolina 00924 

Tel: (809) 762-7255 

Telex: 345 0514 



URUGUAY 

Pablo Ferrando S.A 

Comercial e Industrial 

Avenida Italia 2877 

Casilla de Correo 370 

Montevideo 

Tei 40-3102 

Cable: RADIUM Montevideo 

VENEZUELA 

Hewlett-Packard de Venezuela 

C.A. 

P.O, Box 50933 

Caracas 105 

Los Ruices Norte 

3a Transversal 

Editicio Segre 

Caracas 107 

Tel: 35-00-11 (20 lines) 

Telex: 25146 HEWPACK 

Cable: HEWPACK Caracas 



FOR AREAS NOT LISTED, CONTACT: 

Hewlett-Packard 
Inter-Americas 
3200 Hillview Ave 
Palo Alto, California 94504 
Tel (415)493-1501 
TWX 910-373-1260 
Cable. HEWPACK Palo Alto 
Telex- 034-8300. 034-8493 



EUROPE, NORTH AFRICA AND MIDDLE EAST 



AUSTRIA 

Hewlett-Packard Ges.m.b.H 

Handeiskai 5? 

P.O. box 7 

A-1205 Vienna 

Tel: (0222) 351621 Eo 27 

cable- HEWPAK Vienna 

Telex 75923 hewpak a 

BELGIUM 

Hewlett-Packard Benelux 
S.A.'N.V. 

Avenue de Col-Vert. 1, 
(Groenkraaglaan) 
B-117Q Brussels 
Tel (02)672 22 40 
Cable: PALOBEN Brussels 
Telex. 23 494 paloben bru 

CYPRUS 

Kypronics 

19, Gregofios & Xenopoulos Rd. 

P.O. Box 1152 

CV-Nicosia 

Tel: 45628/29 

Cable: KYPRONICS PANDEHIS 

Telex 3018 

CZECHOSLOVAKIA 

Vyvo|o«a a Provozni Zakladna 

Vyzkumnych Uslavu v Bectiovicicfi 

CSSR-25097 

Bechowice u Prahy 
Tel: 99 93 41 
Telex: 121333 
Inslltute of Medical Bionics 
Vyskumny Ustav Lekarskei Bioniky 
Jedlova 6 

CS-88346 Bratislava-Kramare 
Tel. 44-551 45-541 

DDR 

Entwicklungslabor der TU Dresden 
Forschungsinstitut Meinsberg 
DDR-7305 

Waldheim/Meinsberg 
Tel: 37 667 
Telex 112145 
Export Contact A6 Zuencfi 
Guenther Forgber 
Scfilegelstrasse 15 
1040 Beriin 
Tel- 42-74-12 
Telex: 111989 

DENMARK 

Hewlett-packard AS 
Oatawei 52 
DK-3460 BirKerod 
Tel 102) 81 66 ^0 
Cable HEWPACK AS 
Telex; 166 40 hpas 
Hewlen-Packard A S 
Navervei 1 

DK-9600 Silkefaorg 
Tei (06) 82 71 66 
Telex 166 40hpas 
Cabte HEWPACK AS 

FINLAND 

Hewlett-Packard OY 

Natikabousuntie 5 

P 0. Box 6 

SF-D0211 HetslnWJi 

Tel (90) 6923031 

Cable HEWPACKOY Helsinki 

Telex 12-1563 HEWPASF 

FRANCE 

Hewlett-Packard France 
Ouartier de Courtaboeuf 
Boile Postale No 6 
F-914D1 Orsay Cedex 
Tel (11907 78 25 
Cable HEWPACK O'say 
Telex 600048 



Hewlett-Packard France 
Agency Rfigionale 
"Le Saqutn" 
Chcmin des Mouiiies 
B.P. 162 
F-69130Ecully 
Tel: (781 33 81 25, 
Cable HEWPACK Eculy 
Telex 31 06 17 

Hewlett-Packard France 
Agence R^ionale 
Pericenlre de la Cepi^re 
Chemin de la C^pi6re, 20 
F-31300 Toulouse-Le Miral 
Tel (611 40 11 12 
Cable HEWPACK 51957 
Telex: 510957 
Hewtetl- Packard France 
Agence R^sonaie 
Airoport principal de 
Marsetlle-Uarignane 
F-I3721llilarignane 
Tel 191)89 12 36 
Cabte. HEWPACK WARGN 
Telex- 4107/0 
Hewlett-Packard France 
Agence flfigionale 
63. Avenue de Rochester 
B.P. 1124 

F-35014 Rennes CSdex 
Tel: (99) 36 33 21 
Cable. HEWPACK 74912 
Telex: 740912 
Hewlett-Packard France 
Agence Regionale 

74, Ail^ede la Robertssu 

F-67DOO Strasbourg 

Tt-!: (89) 35 23 20'21 

Telex. 890141 

Cable: HEWPACK STRBG 

Hewlett-Packard France 

Agence RSgJonale 

Centre Vauban 

201. rue Colbert 

Entree A2 

F- 59000 Lille 

Td: (201 51 44 14 

Telex: 820744 

Hewlett-Packard France 

Centre d Affaires Pans-Nord 

Bailment Amp^e 

Rue de La Commune de Paris 

B.P. 300 

F-93153 

Le Blanc Mesnil C6dex 

Tel. lOl! 931 38 50 

GERMAN FEDERAL 
REPUBLIC 

Hewlett-Packard GmbH 

Vertriebsientrale Frankfurt 

Bernerstrasse 1 1 7 

Posilach 560 140 

0-6000 Frankfurt 56 

Tei 10611) 50 04-1 

Cabte: HEWPACKSA FranWurt 

Telex: 04 132^9 hpffmd 

Hewlett-Packard GmbH 

TecnniEches Buero Bobhngen 

Herrenbergerstrasse 110 

LI-/030 Bobiingen. WurttembEi 

Tel: 107031] 667-1 

Cable. HEPAK Bobiingen 

Telex: 07265739 bbn 

Hewlett-Packard GmbH 

Tectimscties Buero Dijsseldort 

Emanuel- Leutze-Str 1 (Seesternl 

O-40O0 Dusseldorl 11 

Tel 10211159711 

Telex 085;86 533 hpdd d 

Hewlett-Packard GmbH 

Tectinisches Buero Hamburg 

Wendenstrasse 23 

D-2000 Hamburg 1 

Tel (040)2^ 13 93 

Cable HEWP.ACKSA Hamburg 

Telex- 21 63 032 hptih d 



Hewlett-Packard GmbH 
Technisches Buero Hannover 
Am Grossmarkt 6 
D-3000 Hannover-Kle«teld 91 
Tel: (0511)46 60 01 
Telex: 092 3259 
Hewlett-Packard GmbH 
Technisches Buero Nuremberg 
Neumeyer Str. 90 
D-8500 Nuremberg 
Tel: (0911)56 30 83'65 
Telex- 0623 860 

Hewlett-Packard GmbH 
Technisches Buero Miinchen 
Unteftiacbinger Strasse 28 
ISAR Center 
D-8012 Ottobrunn 
Tel: [089)601 30 61/7 
Cable: HEWPACKSA Munchm 
Telex 0524985 
Hewlett-Packard GmbH 
Tectiniscties Buero Berlin 
Keitfi Strasse 2-i 
D-1000 Berlin 30 
Tel: (030) 24 90 86 
Telex; 18 3405 hpbln d 

GREECE 

Kostas Karayannls 
18, Ernfiou Street 
GR- Athens 126 
Tel: 3237731 
Cable: RAKAP Athens 
Telex: 21 59 62 rkar gr 

Analytical Only 
-INTECO" 
G. Papathanassiou & Co. 
Marni 17 

GR ■ Athens 103 
Tel: 522 1915 
Cable: INTEKNIKA Athens 
Telex: 21 5329 INTE GR 
Medical Only 
Technomed Hellas Ltd. 
52,Skoufa Street 
GR - Athens 135 
Tel: 362 6972, 363 3830 
Cable:etalak atbens 
Telex: 21-4693 ETALGR 

HUNGARY 

MTA 

Muszeriigyi ^s M6resiechnikai 

Szolgaiata 

Lenin Kri. 67 

1391 Budapest VI 

Tel; 42 03 38 

Telex: 22 51 14 

k:eland 

Medical Only 

Elding Tradmg Company Inc 

Hafnartivoii - Tryggvatotu 

iS-Reykiavik 

Tel: 1 58 20 

Cable: ELDING Reykjavik 

IRAN 

Hewlett-Packard Iran Ltd. 
No. 13, Fourteenth St. 
Miremab Avenue 
PO Box 41:2419 
5 I R -Tehran 
Td: 851082-7 
Telex: 213405 HEWP IP 

IRAQ 

Hewlett-Packard Trading Co 
Mansoor City 
Baghdad 
Tel 5517827 
Telex. 2455 Hepairaa ik 
Cable: HEWPACOAO. 
Baghdad Iraq 



UNITED STATES 



ALABAMA 

8290 Whilesburg Dr . S E 
P.O. Box J207 
Huntsville 35802 
Tel 1205) 881.4591 
Medical Only 
228 W Valley Ave 
Room 220 

Birmingham 35209 
Tel: (205) 942.2081'2 

ARIZONA 

2336 E Magnolia St 

Phoenix 85034 

Tel: 16021 244-1361 

2424 East Aragon RO 

Tucson 85706 

Tel (602) 294.3148 

-ARKANSAS 

Medical Service Only 
P.O. Box 5646 
Brady Station 
Little Rock 72205 
Tel (501)376-1844 

CALIFORNIA 

1430 East Orangethoipe Ave 
Fullerton 92631 
Tel: (714) 870-1000 
3939 Lanitershim Boulevard 
North Hollywood 91604 
Tel: 1213) 877-1282 
TWX: 910-499-2671 
6305 Arizona Place 
Los Angeles 90045 
Tel: (213)649-2511 
Twiv niA 328-614? 

*Los Angeles 

Tel, 1213) 776-7500 
3003 Scott Boulevard 
Santa Clara 95050 
Tei: 1408) 249-7000 
TWX 910-338-0518 
'Ridgecrest 
Tel: 1714) 446-6165 
646 W NOftti Market Bivd 
Sacramento 95834 
Tel: (916) 929-7222 



9606 Aero Drive 
P.O Box 23333 
San Diego 92123 
Tel (7141279-3200 

COLORADO 

5600 Soulh Ulster Partway 
Englewood 80110 
Tel 1303)771-3455 

CONNECTICUT 

12 Lunai i}nve 
New Haven 06525 
Tel (2031 389-6551 
TWX: 710-465-2029 

FLORIDA 

PG. Box 24210 
2806 W Oakland Park Blvd. 
Ft. Lauderdale 33311 
Tel: 1305) 731-2020 
'Jacksonville 
Medical Service only 
Tel (904) 398-0663 
P box 13910 
6177 Lake Ellenoi Dr 
Orlando 32809 
Tel: (305) 859-2900 
P 0. Box 12826 
Pensacola 32575 
Tel- (904) 476-8422 

GEORGIA 

P 0. Box 105005 
Atlanta 30348 
Tel: 14041 955-1500 
TWX:810-766-4890 
Medical Service Only 
'Augusta 30903 
Tel: (404) 736-0592 
P.Q Box 2103 
Warner Robins 31098 
Tel. (912)922-0449 

HAWAII 

2875 So King Street 
Honolulu 96814 

Tel: (808) 955-4455 
Telex, 723-705 



ILUNOIS 

5201 Tollview Or 
Rolling meadows 60008 
Tel: (312) 255-9800 
TWX: 910-667-2260 

INDIANA 

7301 North Shadeland Ave 
Indianapolis46250 
Tel (317)842-1000 
TWX: 810-260-1797 

IOWA 

1902 Broadway 
Iowa City 52240 
Tel (3191 338-9466 

KENTUCKY 

Medical Only 
Atkinson Square 
3901 Atkinson Dr. 
St!itt.207 
Louisville 40218 
Tel (502)456-1573 

LOUISIANA 

P 0. Box 840 

3229-39 Williams Boulevard 

Kenner 70063 

Tel: (5041 443-6201 

MARVLAND 

6707 Whilestone Road 
Baltimore 21207 

Tel: (301) 944-5400 
TWX 710-862-9157 

2 Choke Cherry Road 
Rockville 20850 
Tel: (301) 948-6370 
TWV 710-823-9684 

MASSACHUSETTS 

32 Hartwell Ave 
Lexington 02173 
Tel: (6171 861-8960 
TWX: 710-326-6904 

MICHIGAN 

23855 Researctl Drive 
Farmington Hills 48024 

Tel (313) 476-6400 



IRELAND 

Hevrlett-Packard ltd. 
King Street Lane 
GB-Winnersli.Wdkingham 
Berks. RG11 5AH 
Tel (0734) 78 47 74 
Telex: 84?178;84S179 

ITALY 

Hewlett-Packard llaliana S.p.A. 

iyia Amengo Vespucci 2 

Casetia poslale 3645 

1-201OO Milano 

Tel: (2) 6251 (10 lines] 

Cable: HEWPACKIT Milano 

Telex: 32046 

Hewlett-Packard llaliana S.p.A 

Via Ptciro Maronceili 40 

(ang. Via Visentln) 

1-35100 Padova 

Tel: (49) 66 48 88 

Telex: 41612 Hewpacki 

Medical only 

Hewlett-Packard Italians S p.A. 

Via d'Aghiardi. 7 

1-56100 PIsa 

Tel: (050) 2 32 04 

Telex: 32046 via Milano 

Hewlett-Packard Italiana S.p.A 

ViaG. Armellint 10 

1-00143 Roma 

Tel: (06) 54 69 61 

Telex: 61514 

Cable HEWPACKIT Roma 

Hewletl-Pac)<ard Italiana S.p.A. 

Corso Giovanni Lanza 94 

t-10130 Torino 

Tei: (Oil) 682245:659308 

Medlcai/Calculators Only 

Hewlett-Packard Italiana S.p.A 

Via Principe Nicola 43 G(C 

1-95126 Catania 

Tel:(0951 37 05 04 

Hewlett-Packard llaliana S p A 

Via Amerigo Vespucci. 9 

1-80142 Napoll 

Tel: (081)33 77 11 

Hewlett-Packard Italiana S.p A. 

Via E Masi. 9'B 

1-40137 Bologna 

Tel (051) 30 78 87 

KUWAIT 

Al-Khaldiya Trading & 

Contracting Co. 
PO Box 830 
Kuwait 

Tel: 42 49 10 
Cable: VISCOUNT 

LUXEMBURG 

Hewlett-Packard Benelux 
S A m V. 

Avenue du Col-Vert, 1, 
(Groenkraaglaan) 
B-1170 Brussels 
Tel: (02) 672 22 40 
Cable PALOBEN Brussels 
Telex 23 494 

MOROCCO 

Gerep 

190, Blvd. Bratiim Roudani 

Casablanca 

Tel 25-16-76/25-90-99 

Cable: Gerep-Gasa 

Telex: 23739 

NETHERLANDS 

Hewlett-Packard Benelux N V 
Van Heuven Goedharllaan 121 
PO Box 667 
NL-1134 Amstelveen 
Tel (020) 47 20 21 
Cable: FALOBE^ Amsterdam 
Telex 13 216 liepa nl 



NOhWA't 

Hewlett-Packard Norge A(S 

Nesveien 13 

Box 149 

N-1344 Haslum 

Tel: (021 53 83 60 

Telex: 16621 hpnas n 

POLAND 

Bluro Informacji Technicznei 

Hewlett-Packard 

Ul stawki 2. 6P 

00-950Warszawa 

Tel: 395962:395187 

Teiex: 81 24 53 hepa pi 

UNIPAN 

Zaklad Doswiadczalny 

Budovry Aparatury Naukowei 

Ul Kraiowe) Hady Narodowej 51-55 

00-800 Warszawa 

Tei 36190 

Telex 81 46 48 

Zaklady Napiawcze Spizelu 

Medycznego 
Plac Komuny Paryskiej 6 
90-007 Lodz 
Tel: 334-41, 337-83 

PORTUGAL 

Teiectra-Empresa Tecnica de 

Equipamentos Eldctncos S a 1 1 

Rua Rodrigo da Fonseca 103 

P.O. Box 2531 

P Lisbon 1 

Tel: 119168 60 72 

Cable- TeleCTRA Lisbon 

Telex: 12598 

Medical only 

Mundinter 

tntercambio Mundial de Com^rcio 

S.ar.l 

Av.A.A.de Aguiai 138 

P.O, 80x2761 

P - Lisbon 

Tel: (19)53 21 31'7 

Cable: INTERCAMBIO Lisbdn 

RUMANIA 

Hewlett-Packard Reprezentania 

Bd.N Balcescu 16 

Bucharest 

Tel: 1580231138885 

Teiex: 10440 

I.I.R.UC. 

Intreprinderea Pentru 

Intrftlnerea 
Si Pepararea Utilajelor de Calcui 
B-dul prol. Dimitrie Pompei 6 
Bucharest-Sectorul 2 
Tel: 12 64 30 
Telex: 11716 

SAUDI ARABIA 

Modern Electronic Establishment 

King Abdul Aziz sir (Head office) 

P.O. Box 1228 

Jeddah 

Tel 31173-332201 

CaWe ELECTRA 

P Box 2728 (Service center) 

Riyadh 

Tel: 62596-66232 

Cable: RAOUFCO 

SPAIN 

Hewlett-Packard Espaftola. S A 

Jerez No 3 

E- Madrid 16 

Tel:(l)458 26 (» (10 lines) 

Telex: 23515 hpe 

Hewlett-Packard Espahola S A 

Milanesado 21-23 

E- Barcelona 17 

Tel: 13) 203 6200 (5 lines) 

Telex 52603 hpbe e 

Hewlett-Packard Espahola. S A 

Av Ramdn y Caial 1 

Edilicio Sevilla. planta 9, 

E Seville 5 

Tel: 64 44 54 58 



Hewlett-Packard Espafiola S A. 

Edilicio Albia II 7' B 

E-Bllbao-1 

Tel 23 83 06'23 82 06 

Calculators Only 

Hewieu-Packard Espahola S A. 

Gran via Fernando El Catdlico. 67 

E-Valencia-8 

Tel 326 67 28:326 85 55 

SWEDEN 

Hewlett-Packard Sverige AB 

Enighelsvagen 1-3 

S-161 20 Bromma 20 
Tel 108) 730 05 50 
Cable: MEASUREMENTS 

Stockholm 
Telex 10721 

Hewlett-Packard Svenge AB 
Ostra Vinlergatan 22 
S-702 40 Orebro 
Tel: (019) 14 07 20 
Hewlett-Packard Svenge AB 
Erdtalisgatan 30 
S-421 32 Vastra Frdlunda 
Tel: (031)49 09 50 
Telex- 10721 Via Bromma Office 

SWITZERLAND 

Hewlett-Packard (Schweiz) AG 

Zijrcherstrasse 20 

P.O. Box 307 

CH-8952 Schlieren-Zurich 

Tel: (01) 730 52 40/730 18 21 

Cable: HPAG CH 

Telex; 53933 hpag ch 

Hewlett-Packard (schweiz) AG 

Chateau Bloc 19 

CH-1219 Le Lignon-Geneva 

Tel. 1022) 96 03 22 

Cable: HEWPACKAG Geneva 

Telex: 27 333 hpag ch 

SYRIA 

Medical/Calculator only 

Sawah & Co. 

Place AZ'-n^ 

B P 2308 

SYR-Damascus 

Tel: 16367. 19697. 14268 

Cable: SAWAH. Damascus 

TURKEY 

Telekom Engineering Bureau 

P.O 60X437 

Beyo^lu 

TR-lstanbul 

Tel: 49 40 40 

Cable TELEMATION Istanbul 

Telex. 23609 

Medical only 

E M.A. 

MuhendisliX Koilektif Sirketi 

AdakaieSokak41/6 

TR- Ankara 

Tel 175622 

Analytical only 

Viimaz Ozyurek 

Milli Uudafaa Cad No 16/6 

Kizilay 

TR-Ankara 

Tel 25 03 09 

Telex: 42576 Ozek tr 

UNITED KINGDOM 

Hewlett-Packard Ltd 

King Street Lane 

G8-Winn«rsh, Wokinaham 

Berks RG11 5AR 

Tel. (0734) 78 47 74 

Cable: Hewpte London 

Teiex:847178,'9 

Hewlett-Packard Ltd 

Tratalger House. 

Navagation Road 

Altrincham 

Cheshire WA14 INU 

Tel: (061)928 6422 

Cable- Hewpie Manchester 

Telex 668068 



MINNESOTA 

2400 N Priol Ave 
SL Paul 55113 

Tel (612)636-0700 

MISSISSIPPI 
'Jackson 

Medicai Service only 
Tel (601)982-9363 

MISSOURI 

11131 Colorado Ave 
Kansas City 64137 

Tel (816) 763-8000 
TWX 910-771-2087 

148 Weldon Parkway 
Maryland Heights 53043 
Tel: (3141 567-1455 
TWX: 910-764-0833 

NEBRASKA 

(irtedical Only 
7171 Mercy Road 
Suite 110 
Omaha 68106 
Tel (4021 392-0948 

NEW JERSEY 

W 120 Century Rd 
Paramus 07652 
Tel (201)265-5000 
TWX 710-990-4951 
Crystal Brook Professional 

Building 
Ealontown 07724 
Tel (2011 542-1384 

NEW mexk;o 

P.O. Box 11634 
Station E 

11300 LomasBlvd . N E 
Albuquerque 87123 

Tel (5051 292-1330 
TWX 910-969-1185 

156 Wyatt Drive 
Las Cruces 88001 
Tel, 1505) 526-2484 
TWX 910-983-0550 



NEW YORK 

6 Automation Lane 
Computer Park 
Albany 12205 
Tel: (518)458-1550 
201 South Avenue 
Poughkeepsie 12601 
Tel: (914) 454-7330 
TWX: 510-253-5981 
39 Saginaw Drive 
Rochester 14623 
Tel (716)473-9500 
TWX 510-253-5981 
5858 East Molloy Road 
Syracuse 13211 
Tel: (315)454-2466 
TWX: 710-541 0482 
1 Crossways Park West 
Woodbury 11797 
Tel (516)921-0300 
TWX 710-990-4951 

NORTH CAROLINA 

PO. 80X5188 
1923Nortti Mam Street 
High Point 27262 
Tel: (919) 885-8101 

OHIO 

16500 Sprague Road 
Cleveland 44130 

Tel- (216) 243-7300 
TWX- 810-423-9430 
330 Progress Rd. 
Dayton 45449 
Tel- (5131 859-8202 
1041 Kingsmill Parkway 
Columbus 43229 
Tel (614) 436-1041 

OKLAHOMA 

P.O. Box 32008 
Oklahoma City 73132 

Tel: (405) 721-0200 

OREGON 

17890 SW Lower Boones 

ferry Road 
Tualatin 97062 
Tel (503) 620-335D 



Lygon Couti 

Hereward Rise 

Dudley Road 

Halesowen. 

West Midlands B62 SSD 

Tel: (021) 550 9911 

Telex: 339105 

Hewlett-Packard Ltd 
Wedge House 
799, London Road 
Ge Thornton Heath 

Surrey CR4 6XL 
Tel (01)684 0103/8 
Telex 946825 

Hewlett-Packard Ltd, 

c/c Maltrd 

South Serviceiiolesate Centre 

Wear Industrial Estate 

Washington 

GB-New Town, County Durham 

Tei: Washington 464001 ext 57/58 

Hewlett-Packard Ltd 
10, Wesley SI, 
GB-Castl«ford 
iAIest Yorkshire WFIO 1AE 
Tel: (09775) 50402 
Telex: 557355 

Hewlett-Packard Ltd 
1, Wallace Way 
GBHitchm 

Hens 

Tel: (0462) 52824/56704 
Telex: 825981 

USSR 

Hewlett-Packard 

Representative Ottice USSR 

Pokrovsky Boulevard 4/17-KW 12 

Moscow 101000 

Tei:294-2024 

Telex: 7825 hewpak su 

YUGOSLAVIA 

Iskra-standard.'Hewlett-Packard 
Mikiosiceva 38'Vll 
61000 Ljubljana 
Tei: 31 58 79/32 16 74 
Telex: 31583 



SOCIALIST COUNTRIES 
NOT SHOWN PLEASE 
CONTACT: 

Hewlett-Packard Ges m b.H 
P.O Box 7 

A-1205 Vienna. Austria 
Tel: (0222) 35 16 21 to 27 
Cable: HEWPAK Vienna 
Telex 75923 hewpak a 

MEDITERRANEAN AND 

MIDDLE EAST COUNTRIES 

NOT SHOWN PLEASE COMTACT: 

Hewlett-Packard S.A 

Mediterranean and Middle 

East Operations 

35. Koiokolroni Street 

Platia Kelallariou 

GR-Kihssia-Athons, Greece 

Tel: 8080337/359/429 

Telex 21-6588 

Cable HEWPACKSA Athens 

FOR OTHER AREAS 
HOT LISTED COHTACT 

HewlBtt-Packard S A. 

7. rue du Bois-du-Lan 

P Box 

CH-1217 Meynn 2 - Geneva 

Switzerland 

Tel: (022) 82 70 00 

Cable: HEWPACKSA Geneva 

Teleil: 2 24 86 



PENNSYLVANIA 

111 ZelaOnve 
Pittsburgh 15238 
Tel (412) 782-0400 
1021 8Ih Avenue 
King of Prussia Industrial Park 
King of Prussia 19406 
Tel 1215) 265-7000 
TWX: 510-660-2670 

SOUTH CAROLINA 

6941-0 N Trenholm Road 
Columbia 29260 
Tel: (803) 782-6493 

TENNESSEE 
'Knoxville 

Medical Senrice only 

Tel: (6151 523-5022 

1473 Madison Avenue 
Memphis 38104 
Tel: (901) 274-7472 

t4ashville 

Medical Service only 
Tel: (615) 244-5448 

TEXAS 

P 0. Box 1270 
201 E Arapaho Rd 
Richardson 75080 
tei: (214) 231-6101 
P.O. Box 27409 
6300 Westpark Drive 
Houston 77057 
Tel: (713) 781-6000 
205 Billy Mitchell Road 
San Antonio 78226 
Tel (512) 434-3241 

UTAH 

2160 South 3270 West Street 
Salt Lake City 84119 

Tel (8011487.0715 



VIRGINA 

P.O. Box 12778 

No 7 Koger Exec Center 

Suite 212 

Norfolk 23502 

Tel:(804) 461-4025'6 

P Box 9669 

2914 Hungary Springs Road 

Richmond 2322B 

Tel: 1804) 285-3431 

WASHINGTON 

Belleiield Office Pk. 
1203-1 Uth Ave S.E 
Bellevue 98004 
Tel. (2061 454-3971 
TWX- 910-443-2446 

'WEST VIRGirtiA 

Medical-Analytical Only 

Charleston 

Tel (304) 345-1640 

VnSCONSIN 

9004 West Lincoln Ave 
West Allis 53227 
Tel (414) 541-0550 



FOR US, AREAS NOT LISTED: 

Contaci the regional ottice 
nearest you: Attanta, Georgia 
North Hollywood Calitornia. 
Rockville. Maryland Rolling Meaddws, 
lUinois.Theii complete 
addresses are listed above 

'Service Only 
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